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a method of inhibiting a protein kinase that has a 
threonine or less bulky residue at the position equivalent to 
Thr 106 in SAPK2a/p38, and not mammalian SAPK2a/p38 
or SAPK2b/p38)92, is provided, wherem the protein kinase 
is exposed to a pyridinyl imidazole inhibitor. The protein 
kinase may be a TGF/? type^-I or typc-U receptor. 
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INHIBmON OF PROTEIN KINASES WITH PIRIDINYLIMIDAZOLES 

The present invention relates to the inhibition of protein kinases by 
pyridinylimidazoies . 

5 

Compounds belonging to the class of pyridinylimidazoies have been found 
to be inhibitors of cytokine e:?qpression and are l^nown as ^CSAIDs 
(cytokine-suppressive anti-inflammatory drugs). They have been found to 
inhibit SAPK2a/p38 and SAPK2b/p38p2 MAP kinases (proteins mvolved 

10 in mtracellular signal transduction) but not to inhibit many other protein 
kinases, including MAP kinases that are very closely related. The basis of 
this specificity has been investigated by crystallographic studies and/or 
mutagenesis by Tong et al (1997) Nature Structural Biology 4{4), 311- 
316, Wilson et al (1997) Chemistry & Biology 4, 423-431 and by kinetic 

15 studies by Young et al (1997) J Biol Chem 272, 12116. 

Tong et al (1997) and Wilson et al (1997) both discuss the role of the 
residue at the position equivalent to that of Thr 106 in SAPK2a/p38 in the 
binding of pyridinylimidazole inhibitors. Tong et al concluded that this 
20 residue is not critical on the basis that p38Y (SAPK3) is sensitive to these 
inhibitors, whereas Wilson et al recognised that p38y is insensitive to these 
inhibitors, as shown by Cuenda et al (1997) EMBO J 16, 295-305. 

Wilson et al constructed mutants of SAPK2a/p38 which were msensitive 
25 to pyridinylimidazole inhibitors, and concluded that die size of the residue 
in the position equivalent to that of Thr 106 in SAPK2a/p38 is important 
in determining inhibition of MAP kinases, though other residues are also 
discussed. Neither Tong et al or Wilson et al discuss selecting protein 
kinases for which pyridinylunidazole inhibitors may be suitable "lead" 
30 inhibitors. 
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It was not appreciated that pyridinyl imidazoles could be useful lead 
compounds for the development of compoimds that are selective inhibitors 
of otiier particular kinases. The present work surprisingly shows that 

5 kinases selected solely on the basis of lack of a bulky hydrophobic residue 
at the critical position may be inhibited by pyridinylimidazole inhibitors. 
Such kinases include a type-II TGFp receptor, Src family members 
(particularly Lck) and a type-I TGFp receptor, and may further include 
type-I and type-II activin, TGPP and bone morphogenetic protein (BMP) 

10 receptors. The present work farther shows that the potency of inhibition 
of a type-I TGFp receptor is much higher than that of the type-II receptor. 
These findings may allow identification and development of 
pyridmylimidazole inhibitors or derivatives thereof that may be useful as 
selective modulators of the signalling of TGFp and other members of the 

15 families of TGFp ligands (such as activins and bone morphogenetic 
proteins; BMPs) via the family of TGFp/activm/BMP receptors. The new 
knowledge concerning protein kinases inhibited by known 
pyridinylimidazole inhibitors, such as SB 203580, may allow use of the 
known inhibitors for different purposes, for example exploiting the 

20 inhibition of the type-I TGFp receptor. 

The TGFP family, signallmg pathways and likely functions have been 
extensively researched and reviewed. TGFp appears to be involved in, the 
modulation of many biological processes, and may be implicated in 
25 padiogenic conditions including tumour growth, inflammation, wound 
healmg, scarring, fibrosis, kidney damage, for example m diabetes, and 
atherosclerosis. Proteins related to TGFp mclude activms, inhibins and 
bone morphogenetic proteins (BMPs). In some situations, enhancement of 
TGFp signallmg may be beneficial, whilst m others, inhibition may be 
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useful! A lack of specific small-molecule agonists or antagonists of TGFp 
signalling has impeded investigations, particularly in vivo. . . 

The views expressed in a selection of reviews are summarised below. 

Attisano L; Wrana JL (1996) "Signal transduction by, members of the 
transforming growth factor-P superfamily. " Cytokine Growth .Faaor 
Rev 7(4), 327-39 describes the receptor complexes of transmembrane 
serine/threonine kinases through which transforming growth factor-P 

10 (TGF p) superfamily members exert their diverse biological effects. Both 
components of the receptor complex, known as receptor I (type-I) and 
receptor II (type-II) are essential for signal transduction. The composition 
of these complexes can vary significantly due to the promiscuous nature of 
the ligands and the receptors, and this diversity of interactions can yield a 

15 variety of biological responses. Several receptor interacting proteins and 
potential mediators of signal transduction have now been identified, 
includmg Mothers against dpp-related (MADR or S^AD) proteim^^ 

ten Dijke P; Franzen P; Yamashita H; Ichijo H; Heldin CH; Miyazono K 
20 (1994) "Serine/threonine kinase receptors.'' Prog Growth Factor Res 
5(1), 55-72 discusses transmembrane receptors that contain intracellular 
serine/threonine kinase domains. Ligands for this class of receptors 
include members of the transforming growth factor-P (TGF-p) 
superfiunily, e.g. TGF-ps and activins, TGF-ps exert their effects on 
25 target cells via formation of heteromeric serine/threonine kinase 
complexes (TGF-p type I and type II receptors). Other components, i.e. 
TGF-p type ELI receptor and endoglin, appear to have more indirect roles, 
e.g. to present ligands to the signallmg receptors. Given the structural 
similarity between members of the TGF-p superfamily, other ligands in 
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this femily may act through structurally and functionally similar 
serine/threonine kinase receptors. 

Hartsough MT; Mulder KM (1997) "Transforming growth factor-p 
5 signallmg in epithelial cells" Pharmacol Ther 75 (1), 21-41 discusses the 
resistance of some tumours to growfli suppression by TGFp. It also 
discusses signallmg pathways (not yet fully elucidated), including the 
SMAD signalling conq)onents that control TGF-p-mediated gene 
transcription. 

10 

Heldm CH; Miyazono K; ten Dijke P (1997) "TGF-p signaUing from cell 
membrane to nucleus through SMAD protems." Nature 390, 465-71 
further discusses the involvement of the SMAD family of signal 
transducer protems. Pathway-restricted SMADs are held to be 

15 phosphorylated by specific cell-surface receptors that have 
serine/threonine kinase activity, then to oligomerise with the common 
mediator Smad4 and translocate to the nucleus where they direct 
transcription to effect the cell's response to TGF-p. Inhibitory SMADs 
have been identified that block the activation of these padiway-restricted 

20 SMADs. 

Noble NA; Border WA (1997) "Angiotensin H in renal fibrosis: should 
TGF-P rather dian blood pressure be the therapeutic target?" Semin 
Nephrol 17(5), 455-66 discusses the role of TGFp in promoting tissue 
25 fibrosis and the induction of TGFp by angiotensin II. 

Koli K; Keski-Oja J (1996) "Transforming growth factor-p system and its 
regulation by members of die steroid-thyroid hormone superfamily." Adv 
Cancer Res 70, 63-94, discusses TGF-ps and their receptors and their 
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action as key regulators of many aspects of cell growth, differentiatioii, 
and function, particularly malignancy. ...... 

Grande JP (1997) "Role of transforming growth factor-p in tissue injury 
and lepan." Proc Soc Exp Biol Med 214(1), 27-40 discusses the role of 
TGFP in normal cell growfli, development, and tissue remo4elling 
following injury. Disruption of die TGFpi gene m irfcrp produce? a 
wasting syndrome characterised by systemic inflammation, suggesting that 
this growth factor plays an important role in limiting the inflammatory 
response. TGFp is a dominant mediator of the pathologic extracellular 
matrix accumulation that characterises progression of tissue injury to end- 
stage organ failure. Recent stodies directed towards characterisation of 
the TGPP genes, dissection of the mechanisms by which TGPPs are 
produced and activated, and identification of TGFp signalling pathways 
have established the important roles diat these family members play in cell 
and tissue homeostasis. TGFp structure-function relationships and flieir 
relevance to models of tissue injury/wound repak are also discussed. 

Lawrence DA (1996) "Transforming growth factor-p: a general review." 
Eur Cytokine Netw 7(3), 363-74 reviews the roles of TGF-pi, P2 and p3 
in mammals. The audior comments that they play critical roles in growth 
regulation and development. All ihree of these growth factors are secreted 
by most cell types, generally m a latent form, reqmring activation before 
diey can exert biological activity. This activation of latent TGF-p, which 
may involve plasmin, tiirombospondin and possibly acidic 
microenvironments, appears to be a crucial regulatory step in controlling 
flieir effects. The TGF-ps possess three major activities: they inhibit 
proliferation of most cells, but can stimulate tfie growth of some 
mesenchymal cells; they exert immunosuppressive effects; and fliey 
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enhance the formation of extraceUular matrix. Two types of membrane 
receptors (type I and type 11) possessing a serine/threonine kinase activity 
within their cytoplasmic domains are involved in signal transduction. 
Inhibition of growth by die TGF-ps stems from a blockage of the cell 

5 cycle in late Gl phase. Among the molecular participants concerned in 
Gl-arrest are the Retinoblastoma (Rb) protein and members of the 
Cyclin/Cyclin-dq)endent kinase/Cyclm dependent kinase inhibitor 
families. In the intact organism the TGF-ps are involved in wound repah 
processes and in starting inflammatory reactions and then in their 

10 resolution. The latter effects of the TGF-Ps derive in part from their 
chemotactic attraction of inflammatory cells and of fibroblasts. From 
gene knockout and from overexpression stadies it has been shown fliat 
precise regulation of each isoform is essential for survival, at least in flie 
long term. Several clinical applications for certain isoforms have already 

15 shown their efficacy and they have been implicated in numerous other 
pathological situations. 

Hgnatelli M; Gilligan CJ (1996) "Transforming growth factor-p in GI 
neoplasia, wound healing and unraune response." Baillieres Clin 
20 Gastroenterol 10(1), 65-81 discusses the influence that cell-ceU and cell- 
matrix mteractions, the differentiating statos of tiie ceU together with the 
functional activity of other soluble growth factors have on responses to 
TGF-Ps, particularly in relation to homeostasis of tiie GI mucosa and tiieir 
role in gastrointestinal carciaogenesis. 



25 



Cox DA (1995) "Transforming growth factor-|i 3." Cell Biol Int 19(5), 
357-71 discusses the molecular and ceUular biology of TGF-P 3 and those 
physiological actions which may lead to cluneal applications, particularly 
m the indication areas of wound healmg and chemoprotection. 



wo 99/58128 



PCT/GB99/01385 



7 

/ i . Wahl SM • (19920 "Transforming growth factor P ^ (TGF-P) in 
inflammation: a cause and a cure." J Clin Immunol 12(2), 61-74 
discuses the mechanisms controlling whether the pro- or antiinflammatory 
5 effects of this peptide prevail. ^ , 

-:Ruscetti FW; Palladino MA (1991) "Transforming growth px^:;^. znd. 
the immune system." Prog Growth Factor Res 3(2), 159-75 discusses the 
increased levels of TGF-P found in several disease states associated with 
10 unmunosuppression such as different forms of malignancy, chronic 
degenerative diseases, and AIDS, implicating the involvement of TGF-P 
in the pathogenesis of some diseases. 

An alignment of partial sequences (including the position equivalent to Thr 
15 106 in SAPK2a/p38) of TGFp, activm and BMP type-I and type-II 
receptors is shown in Figure 7. The cloning of the type-I TGFp receptor 
is described in Franzen et al (1993) Cell 74, 681-692. The clonmg of the 
closely related type-I activin receptor is described in Carcamo et al (1994) 
Mol Cell Biol 14(6), 3810-3821, which also reviews other members of the 
20 type-I and type-II receptor families. The cellular responses to TGFp and 
activin mediated respectively by these related receptors appear to be 
similar, and may mclude growth inhibition and stimulation of extracellular 
matrix protein expression. 

25 The type-I TGFp and activin receptors both have a serine residue at the 
position equivalent to Thr 106 of SAPK2a/p38. Widi the exception of a 
type-n BMP receptor, type-I and type-II receptors may have a serine or 
threomne (another residue less bulky than methionine) at the position 
equivalent to Thr 106 in SAPK2a/p38. 
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Law & Lydon "The anticancer potential of tyrosine kinase inhibitors" 
Chapter 12 of ""Emerging drugs: the prospect for improved medicines. 
Annual Executive Briefing 1996'\ Ashley Publications Ltd, reviews the 

5 implication of tyrosine kinases, including die epidennal growdi factor 
receptor (EGFR) family, platelet derived growth factor receptor (PDGFR) 
family, Src family (including Lck and Fyn), Abl and the Philadelphia 
chromosome fusion gene Bcr-Abl, in various cancers. Tyrosine kinases 
may also be involved in other pathological states. Lck, for instance, is a 

10 T-cell specific kinase; inhibition of Lck may lead to immunosuppression. 

Pyridmylimidazole inhibitors have been suggested to be useful in the 
treatment of various diseases or conditions on the basis of in vitro effects 
on cytokine production, for example as discussed in WO 95/02591, The 

15 diseases or conditions were selected as those in which IL-1, tumour 
necrosis factor (TNF) or IL-8 were thought to play a role. No evidence of 
efficacy is presented in any of the diseases or conditions. Compounds of 
Formula I (which encompasses pyridinyl imidazoles plus many other 
compounds) are said, for example on page 49 (lines 1 to 10), to be useful 

20 in methods of treating diseases/conditions have been selected on the basis 
of being conditions that would benefit fi-om inhibition of inflammation by 
inhibiting proinflammatory cytokines, particularly IL-1, IL-6 , IL-8 and 
TNF. It would be clear to a reader of WO 95/02591 that the compounds 
were only expected to be of benefit in forms of die diseases listed ia which 

25 excessive inflammation was thought to be involved. 



Badger et at (1996) / Pharmacol Exp Ther 279(3), 1453-1461 describes 
the use of a pyridinylimidazole inhibitor in animal models of arthritis, 
bone resorbtion and endotoxin shock, conditions selected on the basis of 
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the involvement of TNF-a and possibly IL-1, both proinflammatory 
cytokines. This paper refers to other studies of the , use of 
pyridinylimidazole inhibitors in models of inflanomatory disease. 

5 TGFP is known to be an inhibitor of inflammation (as reviewed, for 
exanq)le, in Lawrence (1996) and Grande (1997), both cited, above)^ for 
example from studies in which loassive inflanunatory lesions^jure se«ii m 
mice in which a TGFP gene is inactivated. 

10 The previously supposed mode of action of pyridinylimidazole inhibitors 
provides no motivation to use these inhibitors in diseases or conditions in 
which it would be desurable to reduce an anti-inflammatory effect ( as may 
be caused by TGFP), or in diseases or conditions shown to involve TGFP 
(for example in causiug or exacerbating the disease or condition). It also 

15 provides no motivation to use pyridinylimidazole inhibitors in diseases or 
conditions which had previously been suggested to be suitable for 
treatment with these inhibitors but which more recent research has now 
shown not to be caused by excessive inflammation. 

20 The present invention relates to inhibition of protein kinases which contain 
a threonine or less bulky residue, preferably a Serine residue, at the 
position equivalent to Thr 106 in SAPK2a/p38 by pyridinylimidazole 
inhibitors. 

25 Thus, a first aspect of the invention is a method of inhibiting a protein 
kinase that has a threonine or less bulky residue at the position equivalent 
to Thr 106 in SAPK2a/p38 wherein the protein kinase is exposed to a 
pyridinylimidazole inhibitor or related inhibitor, provided that the protein 
kinase is not mammalian SAPK2a/p38 or SAPK2b/p38p2. 
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A second aspect of the invention is the use of a pyridinylimidazole 
mhibitor or related inhibitor in a method of inhibiting a protein kinase that 
has a threonine or less bulky residue at the position equivalent to Thr 106 
in SAPK2a/p38 wherem the protem kmase is exposed to a 
pyridmylimidazole mhibitor or related inhibitor, provided that the protem 
kinase is not mammalian SAPK2a/p38 or SAPK2b/p38p2. 

A third aspect of the invention is a screenmg method for identifying a 
drug-like compound or lead compound for die development of a drug-like 
compound in which (1) a pyridinylimidazole or related compound is 
exposed to a protein kinase tiiat has a threonine or less bulky amino acid at 
the position equivalent to Thr 106 in SAPK2a/p38 and is not mammalian 
SAPK2a/p38 or SAPK2b/p38p2 and (2) the bindmg of die compound to 
the protein kinase is measured or die change in die activity of die protein 
Idnase is measured. 

It is preferred that die pyridinylimidazole is a pyridinylimidazole inhibitor, 
as defined below. 

The term "drug-like compound" is well known to diose skilled in the art, 
and may include die meanmg of a compound diat has characteristics diat 
may make it suitable for use in medicine, for example as die active 
ingredient in a medicament. Thus, for example,, a drug-like compound 
may be a molecule diat may be syndiesised by the techniques of organic 
chemistty, less preferably by techniques of molecular biology or 
biochemistry, and is preferably a small molecule, which may be of less 
tiian 5000 daltons molecular weight. A drug-like compound may 
additionally exhibit featores of selective interaction witii a particular 
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protein or proteins and be bioavailable and/or able to penetrate cellular 
" membranes, but it will be appreciated that thes.? features . are not essential.. ^. 

The term "lead compound" is similarly well known to those skilled in the . 
5 art, and may include the meaning that the compound, whilst not itself 
suitable for use as a drug (for example because it is only, weakly potent 
■ against its intended target, non-selective incite action^ unstable, diffipid^^^^ 
synthesise or has poor bioavailability) may provide a starting-ppint for the 
design of other compounds that may have more desirable characteristics. 

10 

The use or methods may be performed in vitro, either in intact cells or 
tissues, with broken cell or tissue preparations or at least partially purified 
components. Alternatively, they may be performed in vivo. The cells 
tissues or organisms m/on which the use or methods are performed may 
15 be transgenic. In particular they may be transgenic for the protein kinase 
under consideration or for a further protein kinase. 

A further aspect of the invention is a compound identifiable or identified 
by the said screening method. It will be appreciated that such a compound 

20 may be an inhibitor of the protem kinase used in the screen and that the 
intention of the screen is to identify compounds that act as inhibitors of the 
protein kmase, even if the screen makes use of a binding assay rather than 
an enzymic activity assay. It will be appreciated that the inhibitory action 
of a compound found to bind the protein kinase may be confirmed by 

25 performing an assay of enzymic activity in the presence of the compound. 

A further aspect of the invention is a method of determining that a protein 
kioase is sensitive to a pyridinylimidazoie inhibitor, comprising comparing 
the amino acid sequence or three dimensional structure of the protein 
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kinase with that of SAPK2a/p38 and detennming that the protein kinase 
has a threonine or less bulky residue at the position equivalent to Thr 106 
inSAPiC2a/p38. 

5 The comparison of amino acid sequences or three dimension structure (for 
example from crystallography or computer modeUing based on a known 
structure) may be carried out using methods weU known to the skilled 
man, as detailed below. 

10 The foUowing preferences apply to all appropriate aspects of the 
invention. 

The amino acid at the position equivalent to Thr 106 in SAPK2a/p38 may 
be, for example, threonine, serine, alanine or glycme. Preferably it is 



15 serine. 



The protein kinase is preferably a natorally occurmg kinase or variant 
thereof. By this meaning is included tHat the amino acid at the position 
equivalent to Thr 106 in SAPK2a/p38 is naturally a threonine or less 
20 bulky residue, and is not a threonine or less bulky residue as a 
consequence of in vitro mutation of the polynucleotide encoding the 
kinase. 

It will be appreciated that the polynucleotide encoding the protein kinase 
25 may be mutated in order to encode a variant of the protein kinase, for 
example by uisertion. deletion, substimtion, truncation or fusion, as 
known to those skilled in the art. It is preferred that the protein kinase is 
not mutated in a way that may materiaUy affect its biological behaviour, 
for example its enzymatic activity. 
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The protein kinase may be a type-H TGFp receptor .(a. serme /threo.mn? ,^ 
protein kinase); Lin et al (1992) Cell 68, . 775), type-I (Attisano et al 
(1993) Cell 75, 671-680) or type-II activin receptor or type-I BMP 
receptor (see Carcamo et al (1994) Mo/ Cell Biol 14(6), 3810-3821),_Src 
family (protein tyrosine kinase) member (particularly J^k; Tevilyaii.,ef .a/ 
(1986) Biochem Biophys Acta 888, 286>j,. Abl,^,pr^.a.^re(^^^^ 
tyrosine kinase, such as epidermal growth factor (EGF) receptor or 
platelet derived growth factor (PDGF) receptor. These proteins have a 
threonine residue at the position equivalent to Thr 106 in SAPK2a/p38. 

The protein kinase may be type-I TGFp receptor (Franzen et al (1993) 
Cell 75, 681-692) or type-I activin receptor (CSrcamo et al (1994). These 
protem kmases have a serine residue at die position equivalent to Thr 106 
in SAPK2/p38. 

Further protem kinases with a threonine or less bulky, residue. at the 
position equivalent to Thr 106 in SAPK2a/p38 are shown in Figure 8, 
which shows partial sequences including die residue equivalent to Thr 106 
in SAPK2a/p38 of tyrosine kinase sequences held in tiie Prints Database 
17.0. The information shown in Figure 8 is sufficient to alloAV 
identification of die records relating to die partial sequences shown. 

A TGF-p type I receptor appears to be slighdy more sensitive to a 
pyridmyl imidazole mhibitor. As discussed in detail in Example 1, die 

ICjo for inhibition of die type-I receptor by SB 203580 is 20nM. The ICjo 
for inhibition of die Type-H receptor is 40 ^M. It is particularly preferred 
diat die protein kinase is a type-I TGFp receptor. 
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The present finding, as discussed in Example 1, that sensitivity to SB 
203580 can be gained by a single amino acid substitotion means lhat it 
may be possible to exploit the same drug to identify the physiological roles 
of all MAP kinase family members and other protein kinases. For 

5 example, it may be investigated whether all the reported effects of SB 
203580 in mammalian cells are abolished by transfection with a drug- 
msensitive form of SAPK2a/p38 or by the use of transgenic mice 
expressing an SB 203580-msensitive form of this protem kinase. The 
farther replacement of wUd-type SAPKl/JNK, SAPK3 or SAPK4 by 

10 drug-sensitive forms of these enzymes in transgenic mice expressmg a 
drag-resistant form of SAPK2a/p38 may also be useful in addressing the 
physiological loles of tiiese odier MAP kinase family members. 

A furflier aspect of die invention is the use of a transgenic animal or a 
15 transfected cell in a method of determining a physiological role of a 
protein kinase, wherein the cell or animal comprises a protem kmase that 
has been mutated at the position equivalent to Thr 106 in SAPK2a/p38. 

The protein kmase for which the role is to be determined may be a MAP 
20 kinase family member or odier protein kmase. The protein kmase for 
which the role is to be determined may or may not be the protein kinase 
that is mutated in the transgenic animal or transfected cell. The animal is 
preferably a rodent, still more preferably a mouse. The cell may be from 
a mammal, preferably human. 



25 



It will be appreciated that "mvestigatmg the physiological role or roles of 
a protein kinase" does not comprise merely expressing the mutant protein 
kmase in a cell for die purposes of subsequent purification and/or 
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deteniimatioii of the sensitivity of the mutant protein kinase to inhibition 
by a compound, for example a pyridinylimic^zqle inhibto^ ^^ju,,^^ „. . 

A still fiirdier aspect of the invention is the use of a transgenic animal, for 
5 example a mouse or other rodent, or transfected cells, , comprising a 
protein kinase that has been mutated at the position equivalent to Thr 106 
in SAPK2a/p38v in a screening method for identj^ingva .su^^ 
protein kinase. 

10 A further aspect of the invention comprises a transgenic animal, for 
example a mouse or other rodent, comprising a protein kinase that has 
been mutated at the position equivalent to Thr 106 in SAPK2a/p38. 

Methods of constructing such cells or transgenic animals are well known 
15 to those skilled m die art. It will be appreciated that the protein kinase 
mutated at the position equivalent to Thr 106 in SAPK2a/p38 may also be 
mutated in other ways, for example by insertion, deletion, truncation or 
fusion, as known to those skilled in the art. It is preferred that the protein 
kinase is not mutated in a way that may materially affect its biological 
20 behaviour, for example its enzymatic activity. 

It will be appreciated that the protein kinase may be mutated to replace a 
residue bulkier than direonine with threonine or a less bulky residue, or to 
replace threonine or a less bulky residue with a residue bulkier dian 
25 threonine, for example methionine. 

By "equivalent of Thr 106 in SAPK2a/p38'* is meant the amino acid 
residue that occupies a position in the native three dimensional structure of 
a protein kinase corresponding to the position occupied by Thr 106 in the 



5 



10 
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rntive three dimensional structure ofhuman SAPK2a/p38, for example as 
described in Tong et al (1997) or Wilson et al (1997) and ihe crystal 
structures referred to in those papers. It wUl be appreciated that THr 106 
of SAPK2a/p38 lies within the ATP binding pocket of SAPK2a/p38 but in 
a part of the binding pocket that is not utilised by ATP. 

Protein kinases show a conserved catalytic core, as reviewed in Johnson et 
al (1996) CelU 85, 149-158 and Taylor & Radzio-Andzelm (1994) 
Structure 2, 345-355. This core folds into a small N-terminal lobe largely 
comprising anti-paiaUel p-sheet, and a large C-tenninal lobe which is 
mosdy a-helical. A deep cleft at the interfece between these lobes is the 
site of ATP binding, with the phosphate groups near the opening of the 
cleft. 

,5 Prot^m kinases also show conserved sequences within this catalytic core, 
and the residue equivalent to Thr 106 in SAPK2a/p38 may be identified by 
aligmnent of the sequence of the kinase with that of known kinases in such 
a way as to maximise the match between the sequences. The alignment 
may be carried out by visual inspection and/or by the use of suitable 
20 computer programs, for example the GAP program of the University of 
Wisconsin Genetic Computing Group, which will also allow the percent 
identity of the polypeptides to be calculated. The Align program (Pearson 
(1994) in- Methods in Molecular Biology, Computer Analysis of Sequence 
Data. Part H (Griffin. AM and Griffin, HG eds) pp 365-389, Humana 
25 Press, Clifton). 

The sequence for SAPK2a/p38 is given, for example, in Goedert et al 
(1997) EMBO J 16, 3563-3571 and Lee et al (1994) Nature 372, 739-746. 
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It will be appreciated that the residue equivalent to Thr 106 of 
. .. . SAPK2a/p38 is not itself well conserved , between prptei^^ 

bulky residue is present at this position in many kinases (see, for example, 
Hanks et al (1988) Science 241, 42-52), for example glutamine in ERK2 
- 5 - and methionine in p38y, but a smaller residue is present in some kinases, 
- for example threonine in SAPK2b/p38p. Thus identification of die 
: K^ • residue equivalent to Thr 106 will depend on the alignment of surrounding 

conserved residues. 



10 The residue at the position equivalent to Leu 104 in SAPK2a/p38 may also 
be important in determining whether a protein kinase may be inhibited by 
a pyridinylimidazole inhibitor (or related inhibitor), as described in 
Example 1. It is preferred that the protein kinase does not have an 
isoleucine residue at this position. It is further preferred that the protein 

15 kinase has a leucine residue at this position. 

If die protein kinase has a leucine at the position equivalent to Leu 104 in 
SAPK2a/p38, it may be inhibited by a pyridmylimidazole inhibitor (or 
related inhibitor) even if the residue at die position equivalent to Thr 106 
20 in SAPK2a/p38 is methionine (for example, JNKZpi and JNK2P2 
(Whitmarsh et al (1997) Mol Cell Biol 17, 2360). Thus, the type-II BMP 
receptor whose sequence is shown in Figure 7 may also be inhibited by a 
pyridinylimidazole inhibitor. 

25 It will be appreciated fliat the various aspects of the invention that apply in 
relation to a protein kinase with a threonine or less bulky residue at the 
position equivalent to Thi 106 in SAPK2a/p38 may also apply (widi 
appropriate modification) in relation to a protein kinase with a methionine 
or less bulky residue at the position equivalent to Thr 106 and a leucine 
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(or not an isoleucine) at the position equivalent to Leu 104 in 
SAPK2a/p38, that is not mammalian SAPK2a/p38, SAPK2b/p38p2, 
JNK2pl or JNK2P2. 

5 The following assays may be useful m a screening method as set out 
above. 

Interaction of a compound with a protein kinase may be measured by 
measuring inhibition of the enzymatic activity of the protein kinase or by 

10 measuring the association/dissociation of the compound from the protein 
kinase. For example, the fluorescence emission spectrum of a protein 
may change upon the binding of a compound. Such an assay, where the 
emission of SAPK2a/p38 in response to excitation at 280nm is partially 
shifted from 335nm to 375 nm upon bindmg of VK-19911, is described in 

15 Wilson e/fl/ (1997). (' 

Examples of enzymatic assays are described in Example 1 below. For 
example, myelin basic protein may be used as a substrate for SAP kinases 
a peptide substrate such as KVEKIGBGTYGVVYK may be used for Lck 

20 and histone H2B may be used as a substrate for type-II TGFp receptor and 
other type-II receptors. Autophosphorylation may be measured for the 
type-I TGFp receptor and other type-I receptors (see also Carcamo et al 
(1994)). MADR proteins may be phosphorylated by type-I receptors, as 
reviewed in Attisano & Wrana.(1996), cited above, and may therefore be 

25 suitable as substrates for type-I receptors. MADR2 and MADR3, for 
example, may be phosphorylated by a TGFp type-I receptor. 

It will be appreciated that the phosphorylation of the chosen substrate may 
be measured usmg techniques known to those skilled in the art. For 
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example, detection may be by using labelled (eg radiolabelled;:^^P or ^^P) 
V phosphate in free solution or attached to th? substta^ 
amount associated with (or dissociated, from) the substrate before and after 
the assay; -^^^^ . v.. 

For tyrosine kinases, phosphorylation of fte substrate tyrosine may be 
measured ,by detecting a change .^in :fhiprpscOTce: . 
phosphorylated or dephosphorylated, as is known to those skilled in the 
art. 

10 

Some of the assay con^)onents may. be localised on a surface, such as a 
blotting membrane, or an assay plate for ELISA etc, although the assay 
may be carried out in solution. 

15 It will be appreciated that the assay may be carried out in vitro, for 
example with purified or pardy purified components, or may be performed 
using whole cells, or may be carried out m, vivo. . .. . ....... ... , 

It is preferred that the assay is capable of being performed in a "high 
20 throughput" format. This may require substantial automation of the assay 
and minimisation of the quantity of a particular reagent or reagents 
required for each individual assay. A scmtillation proximity assay (SPA) 
based system, as known to those skilled in the art, may be beneficial. 

25 The term "pyridinylimidazole inhibitor" is well known to those skilled in 
die art, and encompasses compounds comprising a pyridyl rmg and an 
imidazole ring widi subsiituents as shown in Figure 5 and as described 
below, which bind to and/or inhibit SAPK2a/p38 (or less preferably, are 
known to inhibit IL-1 production from monocytes) as set out in Gallagher 
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et al (1997) Bioorg Med Chem 5(1). 49-64. Compounds of this type are 
known inhibitors of particular protein kinases and as cytokme-suppressive 
anti-inflammatory drugs (CSAIDs). Use of these compomids in 
investigating signalling pathways is reviewed in Cohen (1997) Trends Cell 
5 5w/ 7, 354-361. 

It wUl be appreciated that the numerical measure of binding affinity or 
inhibition IQo for a particular compound/protein combination wUl depend 
upon the exact assay system used. A pyridinylimidazole is considered to 
10 be a pyridinylimidazole inhibitor if it has a binding IC50 or kinase IC,o for 
SAPK2a/p38 (CSBP) of less than 100 jiM, preferably less than 10 fiM, 
stiU more preferably less than 1 or 0.1 or 0.01 ^M as set out in Gallagher 
et al or in the assay as set out in Example 1, pref«ably as determined in 
the assay as set out in Example 1 . 

15 

It will be appreciated that it is expected that such a pyridinylimidazole 
inhibitor may also inhibit a protein kinase with a threonine or less bulky 
amino acid residue in the position equivalent to Thr 106 of SAPK2a/p38, 
particularly a type-I TGPp receptor. It will forther be appreciated that the 
20 pyridinylimidazole inhibitor may alternatively (but less preferably) be 
defined by the ability to inhibit a protein kinase with a threonine or less 
bulky amino acid residue in the position equivalent to Thr 106 of 
SAPK2a/p38. particularly a type-I TOPp or activin receptor, which 
protein kinase is not mammalian SAPK2a/p38 or SAPK2b/p38p2. 



25 



With reference to Figure 5, a 4-pyridinyl nitrogen is required in group R^: 
substituents at the 2-position reduce activity and 2.6 di-substitution further 
reduces bindmg. An aromatic ring is required in position R,: lipophilic 
substituents are preferred; stericaUy demanding groups are tolerated better 
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at thc meta than the para position, and 3,5 di-substitution greatly reduces 
binding. - Sterically demanding groups are weU tolerated^^^^^ 
lipophilic groups lead to enhanced binding. At position R4, polar 
substituents at the para position of a phenyl ring lead to enhanced binding; 

By "pyridinylimidazole. compound" is meant a. compound. comprising a 
pyridinylimidazole structure, but which may .not.fulffl . 
being a pyridinylimidazole mhibitor, as set out above. For example, it 
may not bind to or mhibit SAPK2a/p38 at sufficiently low concentration, 
10 or said binding or inhibition may not be detectable. 

By "related compound" is meant a compound, at least part of which may 
adopt a conformation substantially similar to those parts of a 
pyridinylimidazole inhibitor that interact with a protein kinase, for 

15 example SAPK2a/p38. This may be determined by molecular modelling, 
using techniques known to those skilled in the art. Such a compound may 
be able to bind to and inhibit a protein kinase, preferably a protein kinase 
with a threonine or less bulky amino acid residue in the position equivalent 
to Thr 106 of SAPK2a/p38, in* a manner substantially similar to a 

20 pyridinylimidazole inhibitor. 

By a "related mhibitor" is meant a related compound that is able to bind to 
or mhibit such a protein kinase, preferably not mammalian SAPK2a/p38 
or SAPK2b/p38p2, still more preferably a type-I TGFp receptor. It is 
25 preferred that die binding IC50 or kinase IC50 for the interaction of the 
compound and protein kinase is less than 10 ^iM, preferably less than 1 
(iM, still more preferably less than 0.1 or 0.01 p.M in an assay as set out 
m Example 1 or similar to such an assay if a different protein kinase is 
used. 
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The 4-phenyl ring of the pyridinylimidazole inhibitor may be important m 
determining the specificity of pyridinylimidazole inhibitors for protein 
kinases which have a threonine or less bulky residue in the position 

5 equivalent to Thr 106 of SAPK2a/p38. The ring may have a fluorine 
substituent, as in SB 203580, SB 202190, VK-19911 (Figure 6) or a 
iodme substituent as described in Tong et al (1997). As set out in Wilson 
et al (1997), the ortho and meta positions on one face of the ring may be 
sterically blocked by the backbone carbonyl of Ala 51 and die sidechain of 

10 Val 38 respectively of SAPK2a/p38, while die para position, as well as 
die ortho and meta positions of the opposing face of die ring appear to 
aUow smaU substitoents. Thus monosubsitotion at die meta or para 
position may increase die potency of diese compounds. 

15 It will dius be appreciated that it is preferred diat die pyridinylimidazole or 
pyridinylimidazole inhibitor comprises a 4-phenyl ring. 

Syndiesis of a pyridinylunidazole inhibitor (VK-19911; 4-(4-fluoro- 
phenyl)-l-(4-piperidinyl)-5-(4-pyridyl)-imidazole) is described, for 
20 example m Wilson et al (1997). The following references may also be 
relevant: 

GaUagher et al (1995) "2,4,5-triarylimidazole inhibitors of IL-1 
biosyndiesis" Bioorg Med Chem Lett 5, 1171-1176; Boehm et al (1996) 
«l-substimted 4-aryl-5pyridmyliniidazoles: a new class of cytokme 
25 suppressive drugs wifli low 5-lipoxygenase and cyclooxygenase inhibitory 
potency" J Med Chem 39. 3929-3937; Van Leusen et al (1977) "Base- 
induced cycloaddition of sulfonyhnediyl isocyanides to C.N double bonds. 
Syndiesis of 1,5-disubstituted and 1,4,5-trisubstituted imidazoles from 
aldimines and imidoyl chlorides" J Org Chem 42, 1153-1159; WO 
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95/02591 (SmilJiKlme Beecham); Mach et al (1993) "'"F-IabeUed 
^ benzamides for studying the dopamine 1)2 recq)tpr with positron emission 
tomography" J Med Chem 36, 3707-3719; Lee et al (1993) "Bicyciic 
imidazoles as a novel class of cytokine, biosynthesis inhibitors" ^dwi N Y 
5 Acad Sci 696, 149-170; Lee et al (1994) Nature 372, 739-746. 

Structure-function relationships were investigated inpallaghCT 

Bioorg Med Chem Lett 5, 1171-1176 and Boehm et al (1996) J MedChem 

39, 3929-3937. 

10 

It is preferred tiiat the pyridinylimidazole inhibitor has the nitrogen atom 
in the pyridyl ring in the para- position. If the nitrogen atom is moved to 
the ortho- or meta- position, the potency of the inhibitor may decrease. 

15 Examples of pyridinlyimidazole mhibitors include SB 202190 (a 2,4,5- 
triarylunidazole), SB 203580 (another 3,4,5-triaryIunidazole) and 
derivatives such as the 3'-iodinated compoimd as described in Tong et al 
(1997) (Figure 6). A derivative in which the p-methylsulphinylphenyl 
group is removed may also act as an mhibitor. Substitoents may be made 

20 at the Nl atom of the imidazole ring and substimtions made at the 2- 
position of the imidazole rmg may be moved to the Nl atom without 
significant loss of potency. 

It is preferred that the pyridyl ring is a 4-pyridyl ring. 3-pyridyl or 2- 
25 pyridyl derivatives may be unable to form a hydrogen bond widi the 
backbone carbonyl of die residue equivalent to Met 109 of SAPK2a/p38, 
as described m Wilson et al (1997) and may therefore be less active. 
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SK&F 105809 is an example of a pyridinylimidazole that does not inhibit 
SAPK2a/p38 and also does not inhibit the type-II TGFP receptor (see 
Example I). This has a sulfoxide moiety at the 4 position of the 4-phenyl 
ring. The sulfide metabolite, SK&F 105561, is active. 

5 

It will be appreciated that the structure-activity relationship observed v^rith 
kinases against which members of the pyridinylimidazole class of 
inhibitors have so far been tested may not be die same for other protein 
kinases. It may be possible to provide and characterise compounds 
10 belongmg to or based on the pyridinylimidazole class of inhibitors that are 
able to inhibit certain protein kinases, but not inhibit other protein kinases. 



It will be appreciated that a pyridinylimidazole or related compound may 
be used which may comprise chemical groups that may mteract witii other 
15 parts of die protein kinase molecule. Such groups may enhance the 
binding of the compound to a particular protein kinase and/or reduce the 
binding of the compound to a different protein kinase. 

SB 203580 may be obtained from Calbiochem, Nottingham, UK. The 
20 pharmacological profile of SB 203580 is described in Badger et al (1996) 
J Pharmacol Exp Ther279{3), 1453-1461. 

Thus, the work presented here shows that it may be possible to predict 
whether a protein kinase will be sensitive to inhibition by a member of the 
25 class of pyridinyl imidazoles, by inspection of the amino acid at the 
position equivalent to Thr 106 of SAPK2a/p38. It may therefore be 
possible to identify "lead" inhibitors for a number of protein kinases, with 
reduced or no requirement for high throughput screening during lead 
compound identification. These "lead" compounds may then be 



wo 99/58128 



PCT/GB99/01385 



25 

developed fiirtiier, for example by molecular modelling/and or 
experiments to determine the structure activity relationship for inMbitOT 
of a particular protein kinase, in order to develop more efficacious 
compounds, for example by improving potency, selectivity/specificity and 
5 pharmacokinetic properties. . , v .. 

It will be appreciated that a method of identifying spepific inhibitors roay 
comprise testing a compound for ability to inhibit 1) a protein kinase with 
a threonine or less bulky residue at the position equivalent to Thr 106 in 
10 SAPK2a/p38, and 2) other protein kinases, which may or may not have a 
threonine or less bulky residue at the position equivalent to Thr 106 in 
SAPK2a/p38, or 3) other proteins with a biological activity, in order to 
investigate the selectivity of the compound for inhibition of the protein 
kinase specified in 1) above. 

15 

The TGFp type I and type-II receptors may be involved, for example, in 
scarring, tissue regeneration and kidney response to diabetes and. therefore 
inhibition of either receptor may be useful in medicine. Inhibition of the 
type-I receptor is preferred. Activin type-I and type-II receptors may be 

20 mediate activins' roles in regulating endocrine cells from the reproductive 
system, promoters of erythroid differentiation and in inducing axial 
mesoderm and anterior structures in vertebrates. Inhibins may have 
effects antagonistic to those of activins. BMP receptors may be mvolved 
in similar processes to TGFp and activins, and particularly in bone growth 

25 and maintenance. TGFps may be expressed in a wider range of tissues 
than other members of the superfamily, which may have more specialised 
roles. 
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10 



15 



Tyrosine kinases may be implicated in several disease states, including 
various cancers, as reviewed in Uw & Lydon (1996), cited above. 
Pyridinylimidazole inhibitors and related inhibitors may therefore be 
useful in treating cancers associated with the subset of tyrosine kisses 
defined above, that may be inhibited by such inhibitors. 

For example, members of the EGF receptor femily may be involved in 
cancers of epithelial origin, for example breast, lung, ovary or colon. 
Overexpression of these receptors may be associated with a poor disease 
outcome. The erbB2 receptor may also have a threonine at the position 
equivalent to Thr 106 in SAPK2a/p38. The erbB2 receptor is a 
constimtively active mutant EGF receptor and may be hnpUcated in 
similar cancers to the EGF receptor. Inhibition of both receptors (for 
example by pyridinylimidazole or related inhibitors), particularly in 
combmation with hormonal agents for the treatment of hormone-dependent 
breast and prostate malignancies may be effective, possibly due to 
synergistic effects of the agents. 

Members of the PDGF receptor famUy may be involved in cancers of 
mesenchymal (sarcomas) or glial origin, solid mmomrs including 
refractory prostate and ovarian cancer, melanoma and Kaposi's sarcoma. 
The related stem cell factor receptor may be involved in small ceU lung 



cancer. 



25 A fusion protein, Bcr-Abl, encoded by the Philadelphia chromosome 
(formed by translocation between chromosomes 9 and 22) appears to be 
iixvolved in chronic myelogenous leukaemia (CML). It is a constimtively 
active protein tyrosine kinase related to the Abl tyrosine kinase discussed 
above. An inhibitor of Bcr-Abl may be useful in removing leukaemic 
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cells ex vivo from bone marrow removed from a patient, prior to 
. :. reintroducmg the bone marrow back into the patient. v. , ^ . ^ ^^^^^ . 

Src kinase family members have been implicated in several tumour types, 
5 including breast cancer (Src; correlating with poor ^prognosis), colon . 
cancer and T-cell lymphomas (Src, Fyn and.Lck), . . . ^ .c,.. . . 

An inhibitor of a tyrosine kinase involved m tumourigenicity may have a 
tumouristatic or tumouricidal effect when used in isolation. It is preferred 
10 that it has a tumouricidal effect. An inhibitor may be used with another 
agent, for example a cytotoxic or hormonal agent, as known to those 
skilled in the art, in order to achieve improved efficacy. An inhibitOT able 
to inhibit more than one tyrosine kinase implicated in cancer may be 
particularly beneficial. 

15 

TGFp may also be involved in carcinogenesis (see, for example Lawrence 
(1996), cited above) and therefore pyridinylimidazole and related 
inhibitors that inhibit TGFp and related receptors may be useful in the 
treatment of cancer. 

20 

It will be appreciated that in the discussion which follows of diseases and 
conditions in which pyridinylunidazole inhibitors and related, inhibitors 
may be useful, forms of conditions or diseases understood to be caused by 
proinflammatory cytokines, m particular IL-1, TNF, IL-6 and IL-8, for 
25 which pyridinylimidazoles have previously been suggested to be useful, 
are excluded. It is preferred that the forms of the conditions or diseases in 
which pyridinylimidazole inhibitors and related inhibitors may be useful 
are forms which TGFP or members of the TGFp family of proteins may 
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be implicated or involved in causing or exacerbating. It is preferred that 
TGFp or activin is involved. 

A still furtber aspect of the invention is the use of a pyridinylimidazole 
5 inhibitor or related inhibitor or a compound identifiable by the screening 
method described above in the manufacmre of a medicament for the 
treatment of a patient in need of inhibition of a protein kinase that has a 
tbxeonine or less bulky residue at the position equivalent to Thr 106 of 
SAPK2a/p38, wherein the protem kinase is not SAPK2a/p38 or 
10 SAPK2b/p38p2. 

It is preferred that the protein kinase has a serme at the position equivalent 
to Thr 106 of SAPK2a/p38. It is particularly preferred that the protem 
kinase is a TGFp or activin receptor, stUl more preferably a type-I TGFP 
15 or activin receptor. 

Ihe protein kmase may be a protem tyrosine kinase, particularly EGF 
receptor, PDGF receptor, Abl or a Src family kinase. The patient may be 
a patient with cancer, m particular a cancer with which such a protein 

20 tyrosme kinase has been linked. Examples of such cancers include 
cancers of epithelial origin, for example breast, lung, ovary, colon or 
prostate, cancers of mesenchymal (sarcomas) or glial orighx, solid mmomrs 
including refractory prostate and ovarian cancer, melanoma and Kaposi's 
sarcoma, small ceU lung cancer, chronic myelogenous leukaemia (CML). 

25 or T-cell lymphomas. 

A further aspect of the invention is the use of a pyridinylimidazole 
inhibitor or related inhibitor or compound identifiable by the screemng 
method described above in the manufacture of a medicament for the 
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treatment of a patient in need of reducing extracellular matrix deposition, 
encouraging tissue repair and/or regeneration,, .tissue repiodeUing ot 
healing of a wound, injury or surgery, or reducing scar tissue formation 
arising from injury to the brain. ^ ^ - ^ 

5 ' ■ ■ ■ - . ■■ ' v-^- 

Extracellular matrix deposition is a term well known to those skilled in the 
art, and is described for example in Grande (1997); and Lavjrei^^^ 
cited above. Extracellular matrix components include collagens, 
fibronectin, tenascin, glycosaminoglycans and proteoglycans. Deposition 

10 of such components may lead to rapid wound healing but may also lead to 
scarring, particularly in the brain. TGFp may inhibit degradation of the 
extracellular matrix (for example by inhibiting production of proteases and 
stimulating the production of specific protease inhibitors. 

15 It will be appreciated that the medicament may be applied before surgery. 
It will be appreciated that the injury may be mechanical injury. It is 
preferred that it is not reperfiision injury. . ^ 

A still further aspect of the invention is the use a pyridinylimidazole 
20 inhibitor or related inhibitor or compound identifiable by the screening 
method described above in the manufacture of a medicament for tiie 
treatment of a patient with or at risk of end-stage organ failure, pathologic 
extracellular matrix accumulation, a fibrotic condition, disease states 
associated with inmiunosuppression (such as different forms of 
25 malignancy, chronic degenerative diseases, and AIDS), diabetic 
nephropathy, tumoiu: growth, kidney damage (for example obstructive 
neuropathy, IgA nephropathy or non-inflammatory renal disease) or renal 
fibrosis. 
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It wUl be appreciated that forms of chronic degenerative diseases in whidi 
excessive IL-1, IL-8 or TNF production is implicated are not disease 
states associated with immunosuppression, and are therefore excluded 
from the definition. Thus forms of multiple sclerosis or muscle 
5 degeneration in which excessive IL-1. IL-8 or TNF production is 
implicated are excluded. Snnilarly. forms of AIDS in which excessive II. 
1, IL-8 or TNRproduction is unplicated are excluded. 

The patient may alternatively have, or be at risk of, a form of a disorder 
10 of bone growth or homeostasis (such as osteoporosis), arthritis or 
atherosclerosis in which IL-1, IL-6, IL-8 or TNF or a proinflammatory 
cytokine have not been impUcated, but in which TGFp or a relate protein 
(for example an activin, inhibm or BMP) has been implicated, in causing 
or exacerbating the condition. 

15 

The tumour or malignancy may of a type linked with a particular protein 
tyrosine kinase, as set out above. 

A further aspect of the invention is the use of a pyridinylimidazole 
20 inhibitor or related inhibitor or compound identifiable by the screening 
method described above in the manufacture of a medicament for the 
treadnent of a patient with a cancer of epithelial origin, for example 
breast, lung, ovary, colon or prostate, a cancer of mesenchymal (sarcoma) 
or glial origin, a solid tomour mcluding refractory prostate and ovarian 
25 cancer, melanoma and Kaposi's sarcoma, small ceU lung cancer, chronic 
myelogenous leukaemia (CML) or T-ceU lymphomas. 

A yet further aspect is the use of a compound identified or identifiable by 
the screening method of the invention in the manufacture of a medicament 
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for the treatment of inflammation, disorders of bone growth or 
homeostasis (such as osteoporosis), arthritis or alherosclerpsis wherein the 
compound is not a pyridmylimidazole mhibitor (for example SB 203580 or 
as set out in WO 95/02591). . - 

The compounds may be administered m any suitable way, usitally 
parenterally, for example mtravenously, mcraperitoneaU 
in standard sterile, non-pyrogenic formulations of diluents and carriers. 
The compounds of the invention may also be admmistered topically, 
which may be of particular benefit for treatment of siirface wounds. The 
compounds of the mvention may also be administered in a localised 
manner, for example by injection. 

It will be appreciated that a further aspect of the mvention is tiie 
compounds identified or identifiable by the screening metiiod of the 
invention for use in medicine. 

A further aspect of the invention is a metiiod of treatment of a patient m 
need of mhibition of a protein kinase that has a threonine or less bulky 
residue at tiie position equivalent to Thr 106 of SAPK2a/p38, wherein die 
protem kinase is not SAPK2a/p38 or SAPK2b/p38p2, comprising 
administering an effective amount of a pyridinylunidazole mhibitor or 
related inhibitor or a compound identified or identifiable by the screening 
metiiod of the invention. 

Thus, a fiirther aspect of the mvention is a metiiod of treatment of a 
patient in need of inhibition of a type-I or type-U TGPp receptor, 
comprising admmistering an effective amount of SB 203580. Such a 
patient may be a patient with a disease or condition in which TGPp has 
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been implicated, for example as set out in the methods of treatment 
described below. 

A stUl further aspect is a method of treamient of a patient in need of 
5 reducing extracellular matrix deposition, encouraging tissue repair and/or 
regeneration, tissue remodeUing or healing of a wound, injury or surgery, 
or reducing scar tissue formation arising from injury to the brain, 
comprising administering an eflective amount of a pyridinylnnidazole 
mhibitor or related inhibitor or a compound identified or identifiable by 
10 the screening method of the invention. 

A still further aspect is a method of treatment of a patient with or at risk 
of end-stage organ failure, pathologic extraceUular matrix accumulation, 
disease states associated wifli immunosuppression (such as different forms 
15 of malignancy, chronic degenerative diseases, and AIDS), diabetic 
nephropathy, tumour growth, kidney damage or renal fibrosis comprising 
administermg an effective amount of a pyridinylimidazole inhibitor or 
related inhibitor or a compound identified or identifiable by the screening 
method of the invention. 

20 

It will be appreciated that forms of chronic degenerative diseases in which 
excessive IL-1, IL-8 or TNF production is implicated are not disease 
states associated with inomunosuppression, and are therefore excluded 
from the definition. Thus forms of multiple sclerosis or muscle 
25 degeneration in which excessive IL-1, IL-8 or TNF production is 
unplicated are excluded. Similarly, forms of AIDS in which excessive IL- 
1, IL-8 or TNF production is implicated are excluded. 
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A still farther aspect is a method of treatment of a patient with a cancer of 
epithelial origin, for example breast, lung, ovarjr, colon or ,prostate,^a 
cancer of mesenchymal (sarcoma) or glial origin, a solid tumour including 
refractory prostate and ovarian cancer, melanoma and Kaposi's sarcoma, 
5 small ceU lung cancer, chronic myelogenous leukaemia (CML) or a T-cell 

lynq>homa comprismg administering an ^ effective ...amount- of 
. ' pyridmylimidazole inhibitor or related ipWbitor pr a compound ^^^93^^, 
or identifiable by the screening method of the invention. 

10 The invention is now described in more detail by reference to the 
following, non-limiting. Figures and Examples: 

Figure 1: Amino acid sequences surrounding the threonine residue in 
SAPK2a/p38 and SAPK2b/38p2 that confers sensitivity to SB 203580. 

15 (A) Human MAP kinase family members; (B) Protein kinases witfi Thr or 
Ser in the position equivalent to Thr 106 of human SAPK2a/p38. The 
residues in the position equivalent to Thr 106 in human SAPK2a/p38 are 
marked by an asterisk. 

20 Figure 2: Inhibition of wild-type and mutant SAPK2a/p38, 
SAPK2b/p38p2, SAPK3 and SAPK4 by SB 203580. 
The effect of the drug on die wild-type enzymes is shown by the closed 
circles and its effect on mutant enzymes by open symbols. Wild-type 
SAPK3 and SAPK4 are resistant to SB 203580, because they have Met at 

25 positions 109 and 107, respectively. Wild-type SAPK2b/p38p2 has Thr at 
position 106 and is inhibited by SB 203580, with an IC50 value of 1 |iM. 
Met 106 SAPK2b/p38p2 is resistant to SB 203580. Wild-type 
SAPK2a/p38 has Thr at position 106 and is inhibited by SB 203580, with 
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an IC50 value of 0.08 \M. Met 106 SAPK2a/p38 is still inhibited by SB 
203580, but the IC50 value is now 100 nM. 

Figure 3. Inhibition of wUd-type and mutant SAPKly/JNKl by SB 
5 203580. 

The effect of the drag on the wild-type enzyme is shown by the closed 
circles and its effect on die mutant enzymes by open symbols. Wild-type 
SAPKly/JNKl is resistant to SB 203580, because it has Met at position 
108 and Be at position 106. 

10 

Figure 4. Inhibition of type-I TGFp receptor, type-H TGFp receptor 
and tyrosine protein kinase Lck by SB 203580. 

(A) Inhibition of the type-II TGFp receptor. The effect of SB 203580 
on the native type-II TGFp receptor is shown by closed circles and its 

15 effect on the mutant enzymes by open symbols. The type-II TGFp 
receptor has a Thr at position 325 and is inhibited by SB 203580, widi an 
IC50 value of 40 ^M. The Thr 325Ala mutant is mhibited with an IC50 of 
4 \M, while die Thr325Met mutant is resistant to SB 203580. 

(B) Inhibition of die type-I TGFp receptor. The effect of SB 203580 
20 on die native type-1 TGPp receptor is shown by closed circles and its 

effect on die Ser280Met mutant by open circles. This type-I TGFp 
receptor has Ser at position 280 and is mhibited by SB 203580 witii an 
IC50 of 20 \M, Replacranent of diis Ser with Met mcreases die IC50 value 
to > IOOkiM. 

25 (C) Inhibition of Lck. The effect of die drug is shown by closed 
circles. Lck has a Thr at position 316 and is inhibited by SD 203580, 
with an IC50 value of 20 \M. 
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Figure 5: generic structure of pyridinyiimidazole inhibitors 

Figure 6: structures of particular pyridmyliniidazole ioilubitors^. .^^^^ . , 

Figure 7: alignment of partial sequences of TGFp family receptors. 

5' .... . 

Figure 8: protein tyrosine kinase sequences flanking, the . rj^iie . 
equivalent to Thr 106 in SAPK2a/p38. The sequences, ar?.^^^ V ^ , 

held in the Prints Database 17.0 and the information shown is sufficient to 
identify the records from which the sequences are derived. 

10 

Example 1: Conversion of SB 203580-msensitive MAP kmase family 
members to drug-sensitive forms by a single amino acid substitution 
reveals a new paradigm for the development of specific protein Idnase 
inhibitors. 

15 

Specific mhibitors of protein kinases have great therapeutic, potential, but 
the molecular basis underlymg dieh specificity is only poorly understood. 
We have investigated the drag SB 203580, which belongs to a class of 
pyridinyl imidazoles that inhibits the stress-activated protem (SAP) kinases 

20 SAK2a/p38 and SAPK2b/p38p2, but not other mitogen-activated protein 
(MAP) kinase family members. Like specific mhibitors of other protein 
kmases, SB 203580 bmds in the ATP-binding pocket of SAPK2a/p38.The 
SAP kinases SAPKl/JNK, SAPK3 and SAPK4 are not mhibited by SB 
203580, because they have methionine m the position equivalent to 

25 threonine 106 m the ATP-bmdmg region of SAPK2a/p38 and 
SAPK2b/p38p2. Using site-directed mutagenesis of five SAP kinases and 
the type-I and type-II TGPp receptors, we establish that for a protein 
kinase to be mhibited by SB 203580, the side-cham of this residue must be 
no larger than that of dureonme. Sensitivity to mhibition by SB 203580 is 



wo 99/58128 



PCT/GB99/01385 



10 



36 

greatly enhanced when this side-chain is even smaUer, as in serine, alanine 
and glycine. Thus, the type-I TGFP receptor, which has serine at the. 
position equivalent to threonine 106 of SAPK2a/p38 and SAPK2b/p38p2, 
is inhibited by SB 203580. 

These findings explain how drags that target the ATP-binding site can 
inhibit protein kinases specifically and show that the presence of Thr or a 
smaller amino acid is diagnostic of whether a protem kinase is sensitive to 
this class of drag. 



Protein kmases form one of the largest families of proteins encoded by the 
human genome, and play pivotal roles in ahnost all aspects of cell 
regulation. Abnormal protein phosphorylation is the cause or consequence 
of many diseases and, for this reason, protein kinases have become 

15 attractive targets for drag therapy. Several relatively specific inhibitors of 
these enzymes have been developed that have therapeutic potential for the 
treatment of cancer, diabetes, hypertension and inflammation [1]. A class 
of pyridinyl nnidazoles suppresses the synthesis (and some of the actions) 
of pro-inflammatory cytokines, and shows promise for the treatment of 

20 rheumatoid arthritis and other chronic inflammatory conditions [2]. These 
compounds are remarkably specific inhibitors of stress-activated protem 
(SAP) kinase 2a (SAPK2a, also termed p38, RK and CSBP2) and SAP 
kinase 2b (SAPK2b. also termed p38p2) [3] and have been used to 
identify physiological substrates for these en2ymes, such as the protein 

25 kinases MAPKAP-kmases 2/3 and Mnkl/2, and several transcription 
factors (reviewed in [4]). 

SAPK2a/p38 and SAPK2byp38p2, which show 74% sequence identity, are 
members of the mitogen-activated protem (MAP) kinase fanuly. 
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However, other members of this femily whose amino acid sequences are 
40-60% identical to SAPK2a/p38 and SAPK2b/p38p2 a^e not.ipldbited .by 
the pyridinyl imidazoles SB 203580 or SB 202190 [3, 5-7]. These 
enzymes include SAPKl (or JNK), which consists of a number of closely 
5 related isoforms that phosphorylate the transactivation domain of c-Jun [6] . . 
and the more recently identified SAPK3 (also^ called ERK6 and p.38y) {7] 
and SAPK4 (also called p385) [3, 5] whose physiological su^^^ 
unknown. 

10 SB 203580 binds con^)etitively with ATP, and the three-dimensional 
structure of SAPK2a/p38 in a complex with a closely related pyridinyl 
imidazole has established that these drugs are inserted into the ATP- 
binding pocket of SAPK2a/p38 [8]. These analyses also revealed that the 
4-fluorophenyI ring of the drug does not make contact with residues m die 

15 ATP-binding pocket that interact directly witb ATP. One residue near the 
4-fluorophenyl ring is Thr 106 and mutation of this residue to Met makes 
SAPK2a/p38 insensitive to die drug [8].. Thr 106 is conserved,, m 
SAPK2b/p38p2, but replaced by Met in SAPKl/JNK, SAPK3 and SAPK4 
(Figure 1). We therefore examined the role played by this Thr / Met 

20 residue in conferring sensitivity / resistance to these and odier protein 
kinases. SAPKl/JNK, SAPK3 and SAPK4 became sensitive to SB 
203580 followmg mutation of the Met at this position to Thr or a smaller 
amino acid. The presence of Ser or Thr at diis position was also found to 
be diagnostic of wheflier more distandy related protein kinases are 

25 sensitive to inhibition by SB 203580. ^ 

SAPK3 and SAPK4 both became sensitive to SB 203580, when Met in the 
equivalent position of Thr 106 m SAPK2a/p38 was changed to Thr 
(Figure 2) [9]. Further mutagenesis to a variety of other residues revealed 
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that a side chain smaller than that of threonine, as in Ser, Ala and Gly, 
made SAPK3 more sensitive to the drug, whUe inhibition was extremely 
poor when a large hydrophobic or charged residue was present at this 
position, such as Gin (Table 1). which is found at this position in the MAP 
5 kinase family members ERKl and ERK2. The Metl09Ala and 
Metl09Gly mutants of SAPK3 had no significant effect on the Kcat/Km 
values, when compared with the wild-type enzyme (data not shown). 

SAPK4, SAPK2a/p38 and SAPK2b/p38p2 also became most sensitive to 
10 SB 203580, when Gly or Ala was present at this position (ICjo^ 15-30 
nM) (Figure 2). Human wild-type SAPK2a/p38 was inhibited about 10- 
fold more potently than human wild-type SAPK2b/p38p2 or the Thr 
mutants of SAPK3 and SAPK4 (Figure 2). The sensitivities of all these 
enzymes to SB 203580 became sunilar, however, after mutation of Thr 
15 106 to Gly or Ala (Figure 2). The Ala mutants were inhibited more 
strongly tiian the Gly mutants, suggesting that the size of the alanine side- 
chain is optimal for inhibition by SB 203580. 

Table l! Effect of mutating Met 109 on the sensitiv itv of SAPK3 to SB 
20 203580 



25 



Residue at position 109 


ICso value (nM) 


Methionine 


> 100 


Phenylalanine 


>100 


Lysine 


55 


Glutamm^ 


50 


Leucine 


45 


Glutamate 


45 


Threonine 


0.3 


Serine 


0.05 
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Glycine 0.03 . 

-,7. '■•Alanine ■•^■■h--^:;:* ^■.:-:;r ^•■i;\:;/P-Qly/^^^^ 

Site-directed mutagenesis was used to change residue 109 in SAPK3 from 
5 methionine to one of nine other amino acids. * . - r • . 

' SAPK2a/p38 and SAPK2b/p38p2 are less similar to_ the;^isofcOTiSMOf 
SAPKl/JNK (40% identity) dian to SAPK3 or SAPK4 (60% identity) [2, 
5-7]. Nevertheless, SAPKl-y/JNKl became sensitive to inhibition by SB 

10 203580 when Met 108 was mutated to Thr (Figure 3), although the IC50 
value (10 \M) was 30- to 50-fold higher tiian for SAPK2b/p38p2 or .the 
Thr mutants of SAPK3 or SAPK4, and 500-fold higher than for wild-type 
SAPK2a/p38 (Figure 2). However, after mutation to Ala, SAPKly/JNKl 
was inhibited by SB 203580 at submicromolar concentrations (Figure 3). 

15 SAPKly/JNKl differs from other SAP kinases by the presence of lie at 
position 106 instead of Leu. When residue 106 was changed to Leu in. the 
wild-type enzyme, SAPKly/JNKl was mhibited to some extent by SB 
203580, widi an IC50 value of 50 \M (Figure 3). When He 106 was 
changed to Leu in die Thr 108 and Ala 108 mutants, SAPKly/JNKl was 

20 strongly inhibited by SB 203580, widi ah IC30 value of 30 nM for Leu 106 
Ala 108 SAPKly/JNKl (Figure 3). These results show that residue 108 is 
the major detenninant for inhibition of SAPKly/JNKl by pyridinyl 
imidazoles and diat residue 106 plays a minor role. 

25 Thr 106 of SAPK2a/p38 is located in subdomain IV of the kinase catalytic 
domain (Figure 1). Examination of the sequences of other protem kinases 
revealed that a bulky hydrophobic residue is almost always found at this 
position. Nevertheless, a small number of protein kinases do have Thr at 
fliis position, such as the type-D TGFp receptor (a serine/threonine protein 
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kinase), members of the Src family of protein tyrosine kinases and some 
receptor protein tyrosine kinases, such as the EGF and PDGF receptors 
(Figure 1). lu order to see whether the presence of Thr at this position is 
diagnostic of sensitivity to SB 203580. we exammed whether the type-H 
5 TGFP receptor and Lck (a Src family member) were mhibited by this drug 

[11]. These experiments revealed that bofli kinases were inhibited by SB 
203580, with ICso values of 20 (Lck) and 40 mM (type-H -TGFP 
receptor) (Figure 4). When Thr residue 325 in the type-H TGFP receptor 
was changed to Met, the enzyme became insensitive to the drug (Figure 

10 4). In addition, SK&F 105809, a closely related pyridinyl imidazole that 
does not inhibit SAPK2a/p38 (3). did not inhibit the type-II TGFP 
receptor. The type-H TGFP receptor was inhibited with the same IC50 
value whether it was assayed by autophosphorylation (Figure 4) or using 
histone H2B as a substrate (data not shown). THese results establish that 

15 the sensitivity of the type-II TGFp receptor to SB 203580 (Figure 4) is 
conferred by Thr residue 325 in subdomain IV. 

Very few protein kinases have Ser at the position of Thr 106 of 
SAPK2a/p38 (for instance a mammalian type-I TGFp receptor isoform, 
20 SAPK2a/p38 and SAPK2b/p38P from Caenorhabditis elegans and MAP 
kinase from Dictyostelium discoideum [12]) (Figure 1). In order to see if 
the presence of Ser at this position confers sensitivity to SB 203580, we 
examined whether the type-I TGFp receptor was inhibited by this 
compound [13]. As shown in Figure 4, the type-I TGFp receptor was 
25 sensitive to inhibition by SB 203560, with an IC50 value of 20 nM. By 
contrast, when Ser280 in the type-I TGFP receptor was changed to Met, 
the enzyme became insensitive to the drug. These finding are consistent 
with the mutagenesis study on SAPK3 which showed that the Ser 109 
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mutant was more sensitive to inhibition by SB 203580 than the Thr 109 
mutant (Table 1). " . • -v.-i^u* ,<...•;.>; 

The present findings demonstrate that inhibition of SAPK2a/p38 . and 
5 SAPK2b/p38p2 by the pyridmyl imidazole SB 230580 depends on the size 
of the amino acid residue at position 106 in the AJP-binding region .. 
Mutation'of this residue from Thr to Met inade SAPK2b/p38p? .Lcaensitiye 
to SB 203580. It also rendered SAPK2a/p38 almost completely resistant 
to SB 203580, in agreement with a previous smdy [8]. The failure of die 
10 Thr to Met mutation to totally abolish inhibition of SAPK2a/p38 by SB 
203580 (ICso of 100 ^M) suggests that another residue(s) may contribute 
to the extremely potent inhibition of wild-type SAPK2a/p38 by SB 203580 
(Figure 2). For example, SAPK2b/p38p2, which is 10-fold less sensitive 
to SB 203580 than SAPK2a/p38 (Figure 2), differs from SAPK2a/p38 at 
15 residues 100, 101 and 107 (Figure 2). However, the sequences of human 
and X laevis SAPK2a/p38 are identical in this region, despite the latter 
being at least 5-fold less sensitive to SB 203580 [3]. 

Conversely, mutation of the equivalent residue in SAPK3 and SAPK4 
20 from Met to Thr rendered diese enzymes sensitive to inhibition by SB 
203580. Further mutagenesis revealed that SAPK3/p38y became mores 
" sensitive to the drug, when Met was replaced by even smaller residues, 
such as Ser, Ala or Gly. SAPK2a/p38, SAPK2b/p38p2 and SAPK4/p385 
also became most sensitive to SB 203580 when Gly or Ala was present at 
25 this position. These fmdings rule out the possibility that the inhibition of 
SAPK2a/p38 and SAPK2b/p38p2 results from the formation of a 
hydrogen bond between the hydroxyl group of Thr 106 and the 4- 
fiuorophenyl moiety of SB 203580. SAPKl/JNK, another MAP kinase 
femily member, is only 40% identical to SAPK2a/p38 and 
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SAPK2b/p38p2. Nevertheless, SAPKl/JNK could also be converted to a 
SB 203580-seiisitive form by mutation of Met 108 to a small amino acid. 
However, in order to optimise sensitivity to the drug, it was also 
necessary to change He 106 to the Leu residue present at the equivalent 
5 position in other MAP kinase famUy members. The latter may explain the 
reported inhibition of JNK2pi and JNK2P2 by high concentrations of a 
pyridmyl imidazole compound [10], since these isoforms of SAPKI/JNK 
have a Leu at position 106 and a Met at position 108 [6]. 

10 Most known mammalian protein kinases have a large, hydrophobic residue 
at the position equivalent to Thr 106 of SAPK2a/p38. Few protein kinases 
have Thr at this position and only two (the type-I TGPp receptor and a 
type-I activin receptor) have Ser. Two protein kinases with Thr (the type- 
n TGPp receptor and the tyrosine protein kmase Lck) were found to be 

15 sensitive to inhibition by SB 203580, although the ICjo values were 400- 
800 times higher than the IC50 value for SAPK2a/p38, indicating that 
residues other than the one equivalent to Thrl06 of SAPk2a/p38 may also 
play a role. Nevertheless, sensitivity of the type-H TGPp receptor to SB 
203580 was enhanced by mutagenesis of Thr325 to Ala, whereas it was 

20 abolished when this residue was changed to Met. The type-I TGPp 
receptor was inhibited more potently by SB 203580 than the type-H TGPp 
receptor, consistent with the presence of the smaUer Ser residue at this 
position. 



When studying phenotypic effects of SB 203580 m cells, we have 
emphasised previously the importance of establishing that they occur at a 
concentration similar to that which prevents the activation of SAPK2a/p38 
in the same cell type [4]. The realisation diat other protein kinases 
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containing Ser or Thr are inhibited by SB 203580 at concentrations above 
10 |iM makes this experiment mandatory. It is also in^)© 
whether all the reported effects of SB 203580 in mammalian ceUs are 
abolished by transfection witii a drug-insensitive form of SAPK2a/p38 or 
5 by the use of transgenic mice expressing an SB 203580-;insensitive form of . , , 
this protein kinase. . . : - . 

No known protein kmases have an Ala or Gly at the position of Thr 106 of 
SAPK2a/p38. If such enzymes exist, they can be expected to be potently . 

10 inhibited by SB 203580. Recent work on non-receptor tyrosine kinases of 
the Src family has shown that the size of the residue equivalent to Thr 106 
in SAPK2a/p38 is also primarily responsible for determining the ability of 
protein kinases to accept substituted ATP analogues [14], further 
emphasizing the crucial role that this residue plays in detenmning the size 

15 of the ATP-binding pocket of protein kinases. 

Nearly all eukaryotic kinases belong to the same protein superfamily and . 
their ATP binding sites are similar. It therefore seemed unlikely that 
specific inhibitors of particular protein kinases could be developed by 

20 targetmg this region of these enzymes. Recent work describing a new 
class of receptor protein tyrosine kinase inhibitor suggests that this fear 
may be unfounded [15]. In addition, the present work indicates that 
remarkable specificity can be achieved if drugs that interact with the ATP- 
binding pocket carry an additional moiety that makes contact with residues 

25 outwith this region. 

Our finding that sensitivity to SB 203580 can be gamed by a single amino 
acid substitution means that it should be possible to exploit the same drug 
to identify the physiological roles of all MAP kinase family members and 
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other protein kinases. For example, it wiU be interesting to see whether 
all the reported effects of SB 203580 in mammalian cells are abolished by 
transfection with a dmg-insensitive form of SAPK2a/p38 or by the use of 
transgenic mice expressing an SB 203580-insensitive form of this protem 
kinase. The further replacement of wUd-type SAPKl/JNK, SAPK3 or 
SAPK4 by drug-sensitive forms of these enzymes in transgenic mice 
expressing a drug-resistant form of SAPK2a/p38 may also be useful in 
addressing the physiological roles of these other MAP kinase family 
members. 

Finally, our results show that it is possible to predict whether a protein 
kmase will be sensitive to inhibition by this class of pyridinyl imidazoles, 
simply by inspection of die amino acid at the position equivalent to Thr 
106 of SAPK2a/p38. It may therefore be possible to identify 'lead' 
inhibitors for a number of protein kinases, without any high throughput 
screening. 

Significance 

Protein kmases are mvolved in specific ways in most physiological 
processes and abnormal phosphorylation of protems is an essential feature 
of many disease states. It is widely believed that specific protein kinase 
mhibitors will be some of the drags of the future, permitting inqjroved 
treatment of a large number of serious diseases. It is therefore critical to 
understand die mechanisms of action of die few existing protein kmase 
inhibitors widi a high degree of specificity. The pyridinyl imidazole SB 
203580 is such an inhibitor. It inhibits stress-activated protein (SAP) 
kinase-2a (SAPK2a, also called p38) and SAP kinase-2b (SAPK2b, also 
called p38p2), but not other members of die mitogen-activated protein 
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(MAP) kinase family. SB 203580 has been used to identify some of the 
/v i ^: . : physiological substrates and cellular functions^ of SAPK2a/p38 and 
SPAK2b/p38p2. Here we show that for a protein kinase to be sensitive to 
SB 203580, the amino acid at the position equivalent to residue, 106 of 
.^v...;- - 5 - SAPK2a/p38 must be no larger than threonine, the sensitivity .being 
gready enhanced when this residue is serine, alanine or glycine. The high 
?l r >- , degree of specificity of SB 203580 results ftom the, presence, of 

larger than threonine at this position in nearly all known protem kinases. 
These findings explain how drugs that target the ATP-binding site can 
10 inhibit protein kinases specifically and show that it is possible to predict 
whether a protein kinase will be sensitive to inhibition by this class of 
pyridinyl imidazoles, simply by inspection of the amino acid at the 
position equivalent to threonine 106 of SAPK2a/p38 in subdomain IV of 
the kinase cataljrtiic domain. Our data will facilitate the rational design of 
15 specific protein kinase inhibitors. 
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8. P.R. Young et al., J. Biol. Chem. Ill, 12116 (1997). L. Tong et 
al. Nature Struct. Biol. 4, 311 (1997); K. P. Wilson et al., Chem. 
Biol. 4, 423 (1997). 

20 

9. Full-length cDNA clones encoding human SAPKly/JNKl. human 
SAPK2a/p38 (CSBP2 isoform), human SAPK2b/p38p2, rat SAPK3 
and human SAPK4 were subcloned into M13. Site-directed 
mutagenesis was used to change He 106 in SAPKly/JNKl to Leu 

25 and/or Met 108 to Ala or Thr; Thr 106 in SAPK2a/p38 was changed 

to Ala, Gly or Met; Thr 106 in SAPK2b/p38p2 was changed to Ala, 
Gly or Met; Met 109 in SAPK3 was changed to Ala, Gin, Glu, Gly, 
Leu, Lys, Phe, Ser or Thr; Met 107 in SAPK4 was changed to Ala, 
Gly or Thr. All mutations were verified by DNA sequencing. 
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Following primer-extension, the mutated cDNAs were subcloned into 
. r - bacterial expression vectors pRS^TB - CXjavitrogen) or pGE?^^ 

(Pharmacia) and expressed as His-tagged protein (SAPKly/JNKl) or 
as GST-fusion proteins (SAPK2a/p38, SAPK2b/p38p2, SAPK3 and 
" < SAPK4) in E. coli BL21(DE3) calls. WUd-type SAPKly/JNKl .and 
' its mutants were activated using bacterially expressed SAPK ldnase-1 
'''V:(SKK1, also called MKK4 or SEKl).:wWch^had.beeii activated. by- 
MEK kinase-1 and assayed at 30 in .the presence and absence of 
the indicated concentrations of SB 203580 using GST- ATF2( 19-96) 
as substrate. The concentration of ATP in the assays was 0.1 mM. 
Wild-type SAPK2a/p38, SAPK2b/p38p2, SAPK3 and SAPK4 and 
their respective mutants were purified on glutathione-Sepharose and 
activated by a partially active mutant of SAPK ldnase-3 (SKK3, also 
called MKK6), in which Ser 274 and Thr 278 had been mutated to 
Asp. This constitutively active SKK3/MKK6 mutant was expressed 
as a maltose-binding protein fusion protein in E. co/rand purified on 
an amylose resin. Each SAP kinase was assayed at 30 °C in the 
presence and absence of the indicated concentrations of SB 203580 
using myelin basic protein as substrate, as described for p42 MAP 
kinase [D.R. Alessi^r a/., M6f/z; £nzy/no/, 255, 279 (1995)]. The 
concentration of ATP in the assays was 0,1 mM. Mutants of 
SAPKly/JNKl, SAPK2a/p38, SAPK2b/p38p, SAPK3 and SAPK4 
were activated at the same rates and to the same specific activities as 
the wild-type enzymes. SB 203580 was purchased ft'om Calbiochem. 

10. A.J. Whitmarsh, S.-H. Yang, M,S.-S. Su, A.D. Sharrocks, R.J. 
Davis, Mol Cell Biol 17, 2360 (1997). 
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11. Human Uk [J.M. Trevllyan et al, Biochem. Biophys. Acta 888, 
286 (1986)] was expressed in Sf9 cells from 2 recombinant 
baculoviral vector and assayed using the peptide 
KVEKIGPGTYGWYK, in the presence and absence of the indicated 
concentrations of SB 203580. Site-directed mutagenesis was used to 
change Thr 325 in die type-H TGFp receptor (H.Y. Lin, X.F. Wang. 
E. Ng-Eaton, RA. Weinberg, H.F. Lodish. CeU 68, 775 (1992)] to 
Met. Mutagenesis was carried out as described [R.W. MacJCintosh 
et al., FFBS Lett 371, 236 (1995)]. The C-terminal 375 residues of 
wild-type TGPP type-H receptor and the corresponding mutants were 
expressed in E. coli as GST-fusion proteins and purified on 
glutathione-Sepharose [S. Lawler efa/., /. Biol Chem. 272, 14850 
(1997)]. The enzymes were assayed at 30 'C in the presence and 
absence of die indicated concentrations at SB 203580 or SK&F 
105809 by the rate of autophosphorylation or using histone H2B (0.1 
mg/ml) as substrate. The concentration of ATP in die assays was 0.1 
mM. The mutants of die type-H TGFp receptor had die same 
specific activity as die wild-type en2yme. 

12. P. Franzen et al., Cell 75, 681 (1993); Genbank Accession Numbers 
of die C. elegans sequences: 1326389 for SAPK2a/p38 and 2702444 
for SAPK2b/p38p. These sequences were determined by die C. 
elegans Genome Consortium [R. Wilson et al.. Nature 368, 32-38 
(1994)3; C. Gaskins, M. Maeda, R.A. Firtel, Mol. Cell. Biol. 14, 
6996 (1994). 

13. Site directed mutagenesis was used to change Ser280 in die type-I 
TGFp receptor (Franzen et al (1993) Cell 75. 681-692) to Met. The 
C-terminal 356 residues of die wild-type and mutant type-I TGFP 
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receptors were expressed in E. coli as a GST-fusion protein and 
: ^ ' » purified on glutathione-Sepharose. The enz^ 

rate of autophosphorylation at 30 **C in the presence or absence of the 
indicated concentrations of SB 203580. The concentration of ATP 

5"' was 0.1 mM^ • " --...;.^;.><:. ...... . : 

14. Y. Liu, K. Shah, F. Yang, L. Witucki, K.M. Shakat, C^em, BioL, . 
in press. 

10 15. M. Mohammadi et aL , Science 276, 955 (1997). 

Han et al (1994) "A MAP kinase targeted by endotoxin and 
hyperosmolarity in mammalian cells" Science 265, 808-811. 

15 Rouse et al (1994) "A novel kinase cascade triggered by stress and heat 
shock that stimulates MAPKAP kinase-2 and phosphorylation of the small 
heat shock proteins" M 78, 1027-1037. . . , . . 

Stein et al (1997) "p38-2, a novel mitogen-activated protein kinase with 
20 distinct properties" / Biol Chem 111, 19509-19517. 

Wang et al (1997) "Molecular clomng and characterisation of a novel p38 
- mitogen-activated protein kinase" J Biol Chem Til, 23668-23674. 

25 Jiang et al (1997) "Characterisation of the structure and function of the 
fourth member of p38 group mitogen-activated protem kinase, p385" J 
Biol Chem 111, 30122-30128. 
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Whitmarsh et al (1997) "Role of p38 and JNK mitogen-activated protein 
kinases in the activation of ternary con^lex factors" Mol Cell Biol 17, 
2360-2371. 

5 Example 2: Identification of a protein kinase for wtiich a 
pyridinylimidazole is a potential inhibitor. 

A protein kinase is identified by a protein sequence database (for example, 
Genbank) search detecting sequence similarity with a known protein 

10 kinase or protein kinases. By computer or visual alignment with one or 
more protein kinase sequences, including that of SAPK2a/p38, the amino 
acid residue corresponding to Thr 106 in SAPK2a/p38 is identified. The 
type of this residue is assessed. If it is an anodno acid residue that is more 
bulky flian Thr, then the protein kinase is unlikely to be mhibited by a 

15 pyridinylimidazole inhibitor with a 4-phenyl ring, for example SB 203580. 
If it is Thr or a less bulky amino acid, for example Ser, Ala or Gly, then 
the protein kinase is likely to be inhibited by a pyridinylimidazole inhibitor 
with a 4-phenyl ring, such as SB 203580. 

20 Pyridinylunidazole inhibitors are then tested for the ability to bind to 
and/or inhibit the protein kinase. This is carried out by known means of 
detecting interactions between a protem and a small molecule or by 
measuring the enzymatic activity of the protein kinase (which is preferably 
tested when it is in an activated form) by known means. 

25 

If the substrate of the protein kinase is not known, its activity against a 
selection of known substrates for protein kinases may be measured in 
order to determine a suitable test substrate. 
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Example 3: Optimisation of inhibition of a protein kinase by a 
pyridinylimidazole inhibitor. 

Once a protein kinase has been found to be inhibited by ,a 
5 pyridinylimidazole inhibitor, the inhibitor compound may be modified, in 
order to achieve one or more of the following: . : ^ 

a) increase the potency of the inhibition qf the : protein kiMse .-^^ . * 
consideration ie reduce the IC50 of inhibition of the protein kinase under 
the assay conditions, 
10 b) decrease the potency of inhibition of other protein kinase(s), 

c) increase the relative potency of inhibition of the protein kinase under 
consideration compared to inhibition of other protein kinase(s), 

d) improve the pharmacological profile of the compound 
(bioavailability/stabQity/toxicity). 

15 

The properties of the compound are measured in in vitro assays (isolated 
enzyme or whole cell based) or in vivo assays, which include, animal 
models of disease states. 
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CLAIMS 

1. A method of inhibiting a protein kinase that has a threonine or less 
bulky residue at the position equivalent to Thr 106 in SAPK2a/p38 

5 wherein the protein kinase is exposed to a pyridinylimidazole inhibitor or 
related inhibitor, provided that (he protein kinase is not manamalian 
SAPK2a/p38 or SAPK2b/p38p2. 

2. Use of a pyridinylimidazole mhibitor or related inhibitor in a method 
10 of inhibiting a protein kinase that has a threonine or less bulky residue at 

the position equivalent to Thr 106 in SAPK2a/p38 wherein die protein 
kinase is exposed to a pyridinylimidazole inhibitor or related inhibitor, 
provided that die protein kinase is not mammalian SAPK2a/p38 or 
SAPK2b/p38p2. 

15 

3. The use or mefliod of claim 1 or 2 wherein die pyridinylimidazole 
inhibitor is SB 203580. 

4. A screenmg method for identifying a drug-like compound or lead. 
20 compound for the development of a drug-like compound in which (1) a 

pyridmylimidazole or related compound is exposed to a protein kmase that 
has a threonine or less bulky amino acid at die position equivalent to Thr 
106 in SAPK2a/p38 and is not mammalian SAPK2a/p38 or 
SAPK2b/p38p2 and (2) the binding of the compound to die protein kinase 
25 is measured or die change in die activity of die protein kinase is measured. 



5. The use or method of any one of claims 1 to 4 performed in vitro. 



wo 99/58128 



PCT/GB99/01385 



53 

6. A mediod of detennining that a protein kinase is sensitive to a 
pyridinylimidazole inhibitor/ comprising, cqipai^ amino. aci<l: 
sequence or three dimensional structure of the protein kinase with that of 
SAPK2a/p38 and determining that the protein kinase has a tlu-eonine or. 

5 less bulky residue at the position equivalent to Thr 106 in SAPK2a/p38.. 

7. The use or method of any one of claims .1, to d^w^ tihe^proteg 
kmase is a naturally pccuring kinase or variant thereof wherein the amino 
acid at the position equivalent to Thr 106 in SAPK2a/p38 is naturaUy a 

10 threonine or less bulky residue. 

8. The use or method of any one of claims 1 to 7 wherein the amino acid 
at the position equivalent to Thr 106 in SAPK2a/p38 is threonine, serine, 
alanine or glycine. 

15 

9. The use or method of claim 8 wherein the amino acid at the position 
equivalent to Thr 106 in SAPK2a/p38 is serine. - ^ 

10. The use or method of any one of claims 1 to 8 wherein the protein 
20 kinase is a type-I activin or bone morphogenetic protein (BMP) receptor, 

type-n TGPp or activm receptor, Src family member, epidermal growth 
factor (EGF) receptor or platelet derived growth factor (PDGF) receptor. ^ 

11. The use or mediod of any one of claims 1 to 9 wherein the protein 
25 kinase is a type-I TGPp receptor or type-I activin receptor. 

12. The use or method of claim 11 wherein the protein kinase is a type-I 
TGPp receptor. 



10 
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13. Use of a transgenic animal or a transfected cell in a method of 
determining a physiological role of a protein kinase, wherein the cell or 
animal comprises a protein kinase that has been mutated at the position 
equivalent to Thr 106 in SAPBC2a/p38. 

14. Use of a transgenic animal, or a transfected ceU, comprising a protein 
kmase that has been mutated at the position equivalent to Thr 106 in 
SAPK2a/p38, in a screening method for identifying a substrate of said 
protein kinase. 

15. A transgenic animal comprising a protein kinase that has been 
mutated at the position equivalent to Thr 106 in SAPK2a/p38. 

16. A compound identifiable by the screening method of any one of 
15 claims 4 to 12. 

17. The compound of claim 16 for use in medicine. 

18. Use of a pyridinylimidazole inhibitor or related inhibitor or a 
20 compound according to claim 16 in the manufactore of a medicament for 

the treatment of a patient in need of inhibition of a protein kinase that has 
a threonine or less bulky residue at the position equivalent to Thr 106 of 
SAPK2a/p38, wherein the protem kinase is not SAPK2a/p38 or 
SAPK2b/p38p2. 



25 



19. Use according to claim 18 wherein the protein kinase has a serine 
residue at the position equivalent to Thr 106 of SAPK2a/p38. 
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20. Use according to claim 18 wherein the protein kinase is a type-I or 
type-II TGFp receptor. ^m^^:^ ir- 

21. Use of a pyridinylimidazole inhibitor or related inhibitor or a 
5 compound according to claun 16 in the manufacmre- of a medic^ent.for 

the treatment of a patient in need of reducing extracell^,. m^ 
deposition, encouraging tissue repair : and/or .; regeneration,^ ; tissM 
remodelling or healing of a wound, mjury or surgery, or reducing ?car 
tissue formation arising from injury to the bram. 

10 

22. Use of a pyridinylimidazole mhibitor or related inhibitor or a 
compound according to claim 16 in the manufacture of a medicament for 
the treatment of a patient with or at risk of end-stage organ failure, 
pathologic extracellular matrix accumulation, a fibrotic condition, di^e 

15 states associated with immunosuppression, diabetic nephropathy, tumour 
growth, kidney damage or renal fibrosis. 

23. Use of a compound according to claan 16 in the manufacture of a 
medicament for the treatment form of a disorder of bone growth or 

20 homeostasis, arthritis or atherosclerosis in which IL-1, IL-6, E--8 or TNF 
or a proinflammatory cytokine have not been implicated, but in which 
TGFp or a related protein has been implicated in causmg or exacerbating 
the condition. 

25 24. A mefliod of treatment of a patient in need of inhibition of a protein 
kinase that has a threonine or less bulky residue at the position equivalent 
to Thr 106 of SAPK2a/p38, wherein the protein kinase is not SAPK2a/p38 
or SAPK2b/p38p2, con^rising admmistering an effective amount of a 
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pyridinylimidazole inhibitor or related inhibitor or a coiiq>ouncl according 
to claim 16. 

25. A method of treatment of a patient in need of reducing extracellular 
5 matrix deposition, encouraging tissue repair and/or regeneration, tissue 

remodelling or healing of a wound, injury or surgery, or reducing scar 
tissue formation arising from injury to the brain, comprising administering 
an effective amount of a pyridinylimidazole inhibitor or related inhibitor 
or a compound according to claim 16. 

10 

26. A metiiod of treatment of a patient with or at risk of end-stage organ 
failure, pathologic extracellular matrix accumulation, disease states 
associated with immunosuppression, diabetic nephropathy, tumour 
growth, kidney damage or renal fibrosis, comprising administering an 

15 effective amount of a pyridinylimidazole inhibitor or related inhibitor or a 
compound according to claim 16. 

27. A method of treatment of a patient with inflammation, disorders of 
bone growth, arthritis or atherosclerosis conq)rising administering an 

20 effective amount of a compound according to claim 16 wherein the 
compound is not a pyridinylimidazole inhibitor. 

28. Use of a pyridinylimidazole inhibitor or related inhibitor or 
compound according to claim 16 in the manufacture of a medicament for 

25 the treatment of a patient with a cancer of epidielial, mesenchymal 
(sarcoma) or glial origin, a solid tumour, melanoma, small cell lung 
cancer, chronic myelogenous leukaemia (CML) or a T-cell lymphoma. 
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Figure 1 

MAP kiiiase family member sequence surrounding Thr 106 
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Tyrosine kinase catalytic domain signature 

0 Introduction 
' 0 Block number PR00109A 
0 Block number PR00109B 
0 Block number PR00109C 
0 Block number PR00109D 
0 Block number PR00109E 

o COBBLER sequence and BLAST searches [About COBBLER] 
0 LAMA search of all blocks vs a blocks database [About LAMA] 
o MAST Search of all blocks vs a sequence database [About MAST] 
0 Logos Select display format: [Postscript] [PDF] [About Logos] 
0 Block Map [About Maps] 
0 Tree from Blocks alignment. [About Trees] 

Select display format: [XBitmap] [Postscript] [PDF] [Newick] 
0 PRINTS Entry PR00109 (source of blocks) 



Introduction 

Prints Database 17.0 in Blocks Format, September 1997 

Made available by the Fred Hutchinson Cancer Research Center 

1100 Fairview AV N, Al-162, PO Box 19024, Seattle, WA 98109-1024 

Based on PRINTS Database as described by TK Attwood, et al (1994), 

NAR22(17):3590-3596. ID is from PRINTS gc line, AC is from 

PRINTS gx line, DE is from PRINTS gt line, BL is BLOCK 

information. 

Each PRINTS motif is represented by one block. For each segment, the 
sequence ID is followed by the position of the first residue in the 
segment. Sequence weights are shown to the right of each segment. The 
. higher the weight (maximum 100) the more dissimilar the segment is 
from other segments in the block. These weights were obtained using the 
position-based method of S Henikoff & JG Henikoff (1994), JMB 
243:574-578. Calibrated with position-specific scoring matrices made 
with pseudo-counts, JG Henikoff & S Henikoff (1996), CABIOS 
12(2): 135-143. 
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MET_HUMAN 
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HUMMETPOA 



398) LPYMNWGNLKLFLR 22 

397) LPYMNWGNLKLFLR 22 

7 6) MEYVPYGDLKHYLQ 13 

2 68) MELVPGGDFLTFLR 11 

914) VEFSKFGNLSTYLR 19 

914) VEFSKFGNLSTYLR 19 

634) MELVQGGDFLTFLR 13 

423) MELVQGGDFLTFLR 13 

291) MELVQGGDFLTFLR 13 

636) MELVQGGDFLTFLR 13 

634) MELVQGGDFLTFLR 13 

771) MELVQGGDFLTFLR 13 

306) TELMGKGNLQVYLG 2 9 

306) TELMGKGNLQVYLG 2 9 

1161) LPYMCHGDLLQFIR 14 

787) TQLMPYGCLLDYVR 14 

7 92) TQLMPYGCLLDYVR 14 

7 92) TQLMPYGCLLDYVR 14 

274) TQLMPYGCLLDYIR 13 

210) TQLMPYGCLLDYIR 13 

210) TQLMPYGCLLDYIR 13 

7 99) TQLMPYGCLLDYIR 13 

210) TQLMPYGCLLDYIR 13 

552) FEYINQGDLHEFLI 38 

364) TQLMPYGCLLDYIR 13 

632) TQLMPYGCLLDYIR 13 

1138) LPYMRHGDLLRFIR 16 

710) TEFMENAALDAFLR 8 0 

7 95) MELMKKVELKSYLR 83 

4 99) MELCTLGELRSFLQ 12 

347) MELCTLGELRSFLQ 12 

4 99) MELCTLGELRSFLQ 12 

4 99) MELCTLGELRSFLQ 12 

4 99) MELCTLGELRSFLQ 12 

512) MELCTLGELRSFLQ 12 

657) MEYSRYGPLNKFLH 23 

1157) LPYMKHGDLRNFIR 13 

1155) LPYMKHGDLRNFIR 13 

290) LPYMKHGDLRNFIR 13 

1175) LPYMKHGDLRNFIR 13 
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SEQUENCE LISTING 

<110> Medical Research Council 

<120> Inhibition of protein kinases 

<130> MEDW/p20832pc 

<140> 
<141> 

<160> 26 

<170> Patentin Ver. 2.0 

<210> 1 

<211> 15 

<212> PRT 

<213> h. sapiens 

<400> 1 

Lys Val Giu Lys He Gly Pro Gly Thr Tyr Gly Val Val Tyr Lys 
15 10 15 



<210> 2 

<211> 15 

<212> PRT 

<213> h. sapiens 

<400> 2 

■ Phe Asn Asp Val Tyr Leu Val Thr His Leu Met Gly Ala Asp Leu 
1^5 10 15 



<210> 3 
.<211> 15 
<212> PRT 
<213> h. sapiens 

<400> 3 

Phe Ser Glu Val Tyr Leu Val Thr Thr Leu Met Gly Ala Asp Leu 
1 5 10 15 



<210> 4 
<211> 15 
<212> PRT 
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<213> h. sapiens 
<400> 4 

Phe Thr Asp Phe Tyr Leu Val Met 
1 5 



Pro Phe Met Gly Thr Asp Leu 
10 15 



<210> 5 

<211> 15 

<212> PRT 

<213> h. sapiens 

<400> 5 

Phe Tyr Asp Phe Tyr Leu Val Met 
1 5 



Pro Phe Met Gin Thr Asp Leu 
10 15 



<210> 6 

<21-1> 15 

<212> PRT 

<213> h. sapiens 

<400> 6 

Phe Gin Asp Val Tyr He Val Met Glu Leu Met Asp Ala Asn Leu 
.5 10 15 



<210> 7 

<211> 15 

<212> PRT 

<213> h. sapiens 



<400> 7 

Met Lys Asp Val Tyr He Val Gin Asp Leu Met Glu Thr Asp Leu 
15 10 15 



<210> 8 

<211> 15 

<212> PRT 

<213> h. sapiens 



<400> 8 

Gly Lys Gin Tyr Trp Leu He Thr Ala Phe His Ala Lys Gly Asn 
15 10 15 



<210> 9 
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<211> 15 

<212> PRT 

<213> h. sapiens 

<400> 9 

Thr Ser Thr Val Gin Leu He Thr Gin Leu Met Pro Phe Gly Cys 
15 10 15 



<210> 10 

<211> 15 - ■ . 

<212> PRT 

<213> h. sapiens 

<400> 10 

Gly Gly Pro He Tyr He He Thr Glu Tyr Cys Pro Tyr Gly Asp. 
1 5 - 10 .15 



<210> 11 
<211> 15 

<212> PRT ^ 
<213> h. sapiens 

<400> 11 

Gin Glu Pro He Tyr He He Thr Glu Tyr Asn Glu Asn Gly Asx 
1 -5 10 15 



<210> 12 
<211> 15 
<212> PRT 

<213> h. sapiens • ' 

<400> 12 

Glu Glu Pro He Tyr He Val Thr Glu Tyr Met Ser Lys Gly Ser 
1 5 10 • 15 



<210> 13 
<211> 15 
<212> PRT 
<213> h. sapiens 

<400> 13 

Glu Pro Pro Phe Tyr He He Thr Glu Phe Met Thr Tyr Gly Asn 
15 10 15 
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<210> 14 

<211> 15 

<212> PRT 

<213> h. sapiens 



<400> 14 

Trp Thr Gin Leu Trp Leu Val Ser Asp Tyr His Glu His Gly Ser 



10 15 



<210> 15 
<211> 15 
<212> PRT 

<213> Dictyostelium discoideuin 
<400> 15 

Phe Glu Asp Tyr Tyr He Val Ser Glu Leu Met Asp Thr Asp Leu 
15 10 15 



<210> 16 
<211> 15 

<212> PRT 

<213> Caenorhabditis elegans 
<400> 16 

He Glu Asp Val Tyr Phe Val Ser Met Leu Met Gly Ala Asp Leu 
1 5 . 10 15 



<210> 17 
<211> 15 
<212> PRT 

<213> Caenorhabditis elegans 
<400> 17 

Leu Asn Asn Val Tyr Phe Val Ser Val Leu Met Gly Ser Asp Leu 
15 10 15 



<210> 18 
<211> 15 
<212> PRT 
<213> mammalian 

<400> 18 

Trp Thr Gin Leu Trp Leu Val Ser Asp Tyr His Glu His Gly Ser 
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10 15 



<210> 19 
<211> 15 
<212> PRT 
<213> mammalian 



<400> 19 

Gly Lys Gin Tyr Trp Leu lie Thr Ala Phe His Ala Lys Gly Asn 

1 5 10 ...... 15 



<210> 20 
<211> 15 
<212> PRT 
<213> mammalian 

<400> 20 

Ser Thr Gin Leu Trp Leu lie Thr His Tyr His Glu Met Gly Ser 
15 10 15 



<210> 21 
<211> 15 
<212> PRT 
<213> mammalian 

<4b0> 21 

Trp Thr Gin Leu Trp Leu Val Ser Asp Tyr His Glu His Gly Ser 
1 5 10 15 



<210> 22 
<211> 15 
<212> PRT 
<213> mammalian 

<400> 22 

Asp Val Asp Leu Trp Leu He Thr Ala Phe His Glu Lys Gly Ser 
1 5 . .10 15 



<210> 23 
<211> 15 
<212> PRT 
<213> mammalian 
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-P .'TPu lie Thr Ala Phe His Asp Lys Gly Ser 
Glu Val Glu Leu Trp Leu He inr a 



1 5 



<210> 24 
<211> 15 
<212> PRT 
<213> mammalian 



0. Tpn Tie Thr ASP Tyr His Glu Asn Gly Ser 
Trp Thr Gin Leu Tyr Leu He mr asp 



1 5 



<210> 25 
<211> 15 
<212> PRT 
<213> mammalian 



rr T.n He Thr Asp Tyr His Glu Asn Gly Ser 
Trp Thr Gin Leu Tyr Leu He xnr Hsp y 

1 5 1° 



<210> 26 
<211> 15 
<212> PRT 
<213> mammalian 



r Tpu Val Met Glu Tyr Tyr Pro Asn Gly Ser 
Arg Met Glu Tyr Leu Leu Val Men y 

1 5 



6 



INTERNATIONAL SEARCH REPORT 


Inter tnai AppHcatton No 
PPT/^IR OQ/m '^ftc; 


A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 A61K31/44 




According to International Patent Classification (IPC) or to both national classification and IPC 




B. FIELJ3S SEARCHED 


Minimum documartatbn searched (ctassHicaUon system followed by classHicatlon aymtjols) 

IPC 6 A61K 



Documentation searched other than minimum documentation to the extent that such documents are included In the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUIWENTS CONSIDERED TO BE RELEVANT 



Category * 


. Clatlon o( doeumenl, w«h hdteatlon, »*•(• •ppropriato, o« th» wlovant passages 


Relevarrl to daim No. 


E 


WO 99 42592 A (VERTEX PHARMA) 
26 August 1999 (1999-08-26) 
claims 


1-28 


X 


WO 95 02591 A (SHELDRAKE PETER WILLIAM 
; ADAMS JERRY LEROY (US); BOEHM JEFFREY 
CHA) 26 January 1995 (1995-01-26) 
cited 1n the application 
claims 


16-28 


X 


WO 97 25048 A (SMITHKLINE BEECHAM CORP 
; ADAMS JERRY L (US); 6ARI6IPATI RAVI S 
(US) 17 July 1997 (1997-07-17) 
claims 

"~ _/- 


16-28 



Patent family members are listed in annex. 



* Special categories of ctted documents : 

"A" document defining the general state of the art which is not 
consktered to be of particular relevance 


T" later document published after the intemationai filing date 
. or priority date and not In conflict with the appHcation but 
dted to understand the princple or theory underiying the 
invention 


"E" earlier document but published on or after the International -x" document of particular relevance; the claimed Invention 
filing date cannot be considered novel or cannot be considered to 

V document virtilch may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone 
which Is dted to establish the publieatibn date of another -y* document of particular relevance; the claimed Invention 
citation or other special reason (as specified) cannot be considered to Involve an Inventive step when the 

-0- document referring to an oral disclosure, use, exhibition or document is combined with one or more other such doa*- 
other means ments. such combination being obvious to a person skilled 

"P- document pubilahed prior to the international filing date but J" ^1' ^ ^ ^^♦^^ 

later than the priority date claimed & document member of the same patent f amfly 


Date of the actual completion of the Intemationai search 


Date of mailing of the Intemationai search report 


22 October 1999 


05/11/1999 


Name and mailing address of the ISA 


Authorized officer 


European Patent Offk», P.B. 5816 Patentlaan 2 

NL-2280HVRq3WiJk 

Tel. (+31-70) 340-2040. Tx. 31 651 epo nl, 

Fax: (+31-70) 340-3016 


Orviz Diaz, P 


Fomi PCT/ISAS10 (ascond shMt) (Jiiy 1992) 


page 1 of 3 



rxi 



Further documents are listed in the contlnuatton of box C. 



INTERNATIONAL SEARCH REPORT 


mterr nal AppHeatlon No 

PCT/GB 99/01385 


C-(Contlnuatlon) DOCUMENTS CONSIDERED TO BE RELEVANT 


Category * 


citation of document, v»ith IndicaUoawheie appropnate, of the relevant passagos F 


Relevant to Claim No. 




WILSON ET AL: "The structural basis for 
the specificity of pyridinyl imidazole 
Inhibitors of p38 MAP kinase" 
CHEMISTRY AND BIOLOGY, 
vol. 4, no. 6, June 1997 (1997-06), pages 
423-431 431, XP0G2107177 

ISSN: 1074-5521 
cited in the application 
page 427, right-hand column, paragraph 1 




1-28 


P,X 


R.J. GUM: "Acquisition of sensitivity of 
stress-activated protein kinases to te p38 
inhibitor, SB 203580, by alteration of one 
or more amino acids within the ATP binding 
pocket" 

J. BIOL. CHEM., 

vol 273, no. 25, June 1998 (1998-06), 
pages 15605-15610, XP002119979 
the whole document 




1-28 


P Y 

r, A 


P. COHEN : "Engineering protein kinases 
with distinct nucleotide specificities and 
inhibitor sensitivities by mutation of a 
single amino acid" 
CHEM. BIOL., 

vol. 5, no. 7, July 1998 (1998-07), pages 
R161-R164 XP002119980 
the whole document 




1-28 


P,X 


C.A. HALL-JACKSON: "Effect of SB 203580 
on the activity of c-Raf in vitro and in 

vivo" 
ONCOGENE, 

vol. 18, no. 12. March 1999 (1999-03), 
. pages 2047-2054, XP002119981 
the whole document 




1-28 


p y 
r , A 


P. A. EYERS: "Conversion of SB 
203580-1 nsenstitlve MAP kinase family 
members to drug-sensitive forms by a 
single amino-acid substitution" 
CHEM. BIOL. , , 
vol. 5, no. 6, June 1988 (1988-06), pages 
321-328, XP0021 19982 
the whole document 




1-28 


Y 


COHEN P: "THE SEARCH FOR PHYSIOLOGICAL 

SUBSTRATES OF MAP AND SAP KINASES IN 

MAMMALIAN CELLS" 

TRENDS IN CELL BIOLOGY, 

vol. 7, 1 September 1997 (1997-09-01), 

pages 353-361, XP002053851 

ISSN: 0962-8924 
cited in the application 
the whole document 

-/- 




1-28 



Fonn PCT/iSAffilO (conthuaflon of second shaot) (Ji4y 1992) 



page 2 of 3 



INTERNATIONAL SEARCH REPORT 



Intert -nal AppUcMlen No 

PCT/GB 99/01385 



C.(Contlnuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ' 


Citation of document, with indicatioawhere appropitate, o» the relevant passages 


Reidvartt to claim No. 


Y 


'r6ljENbA5A;,ET AL:. . "SB .203580. IS A . SPECIFIC . . , ... 
■--•INHIBWOkQF-.-A MAP KINASE HOMOLOGUE WHICH ' 

IS STIMULATED BY CELLULAR STRESSES AND 
NTERLEUk I-N-1"' - 

FEBS LETTERS, 

vol. 364, no. 2, 8 May 1995 (1995-05-08), 
pages 229-233, XP000567769. ..-r.-^. . .^ 

ISSN: 0014-5793 ' . - . 
the who Ve document • ■, .. • 

1. ■ 


1-28 



Foim PCT/ISASIO (oontifwatlon of s«eond chMI) (Ji4f 1 992) 



page 3 of 3 



INTERNATIONAL SEARCH REPORT 



li. .lational application No. 

PCT/GB 99/01385 



Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 



This International Search Report has not been estabiished in respect of certain claims under Article 17(2)(a) for the following reasons: 



A Claims Nos.: 13-15 

— because they relate to subject matter not required to be searched by this Authority, namely: 

Claims 13-15 are directed to animal varieties and their use. 
Although claims 1-3, 7-12 may be directed to a method of treatment of the 
human/animal body, the search has been carried out on the alleged 
therapeutic effects of the compound/composition. 

I 1 Claims Nos * 

— because they relate to parts of the International Application that do not comply with the prescribed reqirirements to such 
an extent that no meaningful International Search can be carried out, specifically: 



3- beoai^^ey are dependent daims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of Invention is lacking (Continuation of Item 2 off first sheet) 



This International Searching Authority found multiple inventions in this international application, as follows: 



1 . j I As aK required additional search fees were timely paid by the applicant, this International Search Report covers all 
' — ' searchable claims. 



2. r~j As au searchable claims could be searched without effort justifying an additional fee. this Authority did not Invite payment 
of any additional fee. 



3 I I As only some of the required additional search fees were timely paid by the applicant, this Intematlonai Search Report 
' — ' covers only those claims for which fees were paid, specifically claims Nos.: 



4 I I No required additional search fees were timely paid by the applicant Consequently, this Inlernationai Search Report is 
— restricted to the invention first mentioned in the claims; It is covered by claims Nos.: 



Remark on Protest "'"he additional search fees were accompanied by the applicant's protest 

I I No protest accompanied the payment of additional search fees. 



Form PCT/ISA/210 (continuation of first sheet (1)) (July 1998) 



International Application No. PCT/GB 99 X)1385 



FURTHER INFORMATION C ONTINUED FROM PCT/ISA/ 210 

Continuation of Box t.I*. I},, 

Although' claims l-3/'7-12 liay be directed to a method of treatment of the 
human/animal body, the search has been carried out, based on the alleged 
therapeutic effects of the compound/composition. 



Continuation of Box I. 1 
Claims Nos.: 13-15 

Claims 13-15 are directed to animal varieties and their use 



INTERNATIONAL SEARCH REPORT 

onnatlon on patent lamHy membere 



nOI Applteatlen No 

PCT/GB 99/01385 



Patent document 
cited in search report 



PubHcalion 
date 



UO 9942592 



26-08-1999 



UO 9502591 



26-01-1995 



WO 9725048 



Patent family 
member(s) 



NONE 



AP 

AU 

AU 

AU 

AU 

BR 

CA 

CN 

CN 

CZ 

EP 

FX 

HU 
OP 
NO 
NZ 
NZ 
PL 
SG 
SK 
US 
US 
US 

us 

ZA 



17-07-1997 



AU 
CN 
EP 
NO 
PL 



484 A 
705568 B 
7185098 A 
694130 B 
7335494 
9407079 
2167311 
1129447 
1218801 
9600119 
0708768 
960177 
75313 
9500137 
960173 
269457 
329994 
312614 
52368 
4796 
5593992 
5670527 
5593991 
5663334 
9405193 



A 
A 
A 
A 
A 
A 
A 
A 
A 
T 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 



2242597 A 
1213305 A 
0889726 A 
983182 A 
327939 A 



23-04- 
27-05- 
27-08- 
16-07- 
13-02- 

27- 08- 
26-01- 
21-08 
09-06- 
16-10- 
01-05- 
15-01- 

28- 05- 

07- 01- 
15-01- 
26-08- 

29- 07- 
29-04- 
28-09- 

08- 01- 
14-01 
23-09 
14-01 
02-09 
20-04 



1996 
1999 
1998 
1998 
1995 
•1996 
■1995 
•1996 
-1999 
-1996 
-1996 
-1996 
-1997 
-1997 
-1996 
-1998 
-1999 
-1996 
-1998 
-1997 
1997 
1997 
•1997 
•1997 
-1995 



01-08-1997 
07-04-1999 
13-01-1999 
09-09-1998 
04-01-1999 



c 



Foim PCT/ISA«10 (patani l«nBy annw) (JJy 1992) 



